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1478 to 1900! Two volume library of original sources selected by 
foremost American historian of mathematics . . . 


Smith's SOURCE BOOK IN 
- MATHEMATICS, 2 vol. set, $3.50 


This well-known work by the late Professor Smith of Columbia 
University presents a participant’ s-eye view of the creation of 
mathematies from the invention of printing up to 1900. It con- 
tains 
mentary mathematics 
knowledge, and is a moment that forced the stream or mathe- 
matical thought into a new channel. Sometimes these moments 
occurred 


7auss, 


derstanding of basic ideas by seeing them in their true 
historic perspective. It will make your knowledge deeper and 
more fruitful. 
> Partial contents. 

NUMBER. Treviso arithmetic. Dedekind on irrationals, Pascal 
on arithmetic triangle. Bernoulli on numbers. Euler proving 
that ely! number is the sum of four squares. Gauss on con 
gruence. Napier on logarithms, and 17 other papers. GE 
BRA, Cardan on imaginary roots. Fermat on equations. New 
ton on the binomial theorem. Abel on quintic equations. Leib- 
niz on determinants. Bernoulli’s verses on_ infinite series. 
Galois on groups. and 10 other papers. GEOMETRY. Pascal 
on conics. Gauss on division of a circle. Fermat on loci. Sac 
cheri, pear hevsky, Bolyai on non-Euclidean geometry. 










I Cauchy, Sylvester, Clifford on four-dimensional geom 
et and 30 other papers. PROBABIL! TY ‘ermat, Pascal, 
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vivre, Laplac e, and 2 others. 
NIONS. Fermat on maxima and minima. Newton & 
Leibniz on their calculi. Cauchy on derivatives. Euler on dif 
ferential equations of 2nd order. Bessel on functions. Hamil- 
ton on quaternions. Grassmann on Ausdehnungslehre, and 4 
other papers. 
A SOURCE BOOK IN MATHEMATICS, edited by D. S. 
Smith. Formerly published in one volume. Total of 730pp. 


Two volume set. 
AY552-3. Set, paperbound, $3.50 





UNUSUAL VALUES IN BIOLOGY, PHYSICS, MATH., RECREATIONS—75c TO $2.98 


AY170. SYMBOLIC LOGIC, C. I. Lewis, C. H. Langford. 
2nd pe Rie tot eotlaed baat ey Boole-Schroeder, Russell- 
itehead systems, al paradoxes, truth-y ue tables, 

iat TGEIDA. eat *‘ many-valued logics 4pp. 
Seeacee $2.00 
AY526. CULTURE METHODS FOR INVERTEBRATE 
ANIMALS, ed. by Galtsheff & Needham. 313 articles on 
17 phyla, from protozoa to chordata; food, protection, en- 
vironment for at least one species for every major group. 
Indispensable for every biology lab from high school on 
up to advanced research. 97 illustrations, 550 item classi- 
fied bibliog. 590pp Paperbd. $2.75 
AY539. CLASSICS OF MEDICINE & SURGERY, ed. 
by C. Camac. Lister on antisepsis. Harvey on circulation 
ef blood, Jenner on vaccination, Auenbrugger on percus 
sion, Laennac on auscultation, Holmes on puerperal fever, 
Morton, Warren & Simpson on anaesthesia. These 12 
papers created modern medicine. Biographies & SobEEkith 
of authors. 445pp Paperbd. $2.25 


















New, revised edition! 


THE STRANGE STORY OF THE QUANTUM, 
by Banesh Hoffman, only $1.45 


Completely non-mathematical, yet wholly faithful to 
the basic concepts of quantum mechanics, this book 
tells the fascinating story of the quantum revolution. 
It acquaints the layman, by means of analogies, ex- 
amples, and imaginative insights, with the development 
and meaning of such theories as Bohr’s energy levels 
of the atom, Pauli’s exclusion principle, de Broglie’s 
wave theory, Schroedinger’s wave equation, Heisen- 
berg’s uncertainty, Dirac’s laws, Sommerfeld’s fine 
structure theory, Feynman's world lines, electron spin, 
invariance, quantum number, and the other concepts 
that drastically changed our notion of the universe. A 
long postscript written for this edition. brings the 
reader up to 1958. ‘‘Of the books attempting an ac- 
count of history and contents of modern atomic physies 
which I have seen—this is the best,” Margenau, 
Prof. of Physics, Yale. ‘‘Superb piece of expository 
writing.”’ Mathematics agazine, 

w second edition, 1958 postscript. 






32 illustrations, 


AY518. Paperbd. $1.45 











avai. INSECT LIFE & INSECT NATURAL HISTORY, 
Ww rost. Unusual coverage of origin, distribution, 
life cycle, morphology, social life, behavior, ete. 
is not on classification, but behavior. Used as text. 
but also remarkably stimulating werk for browsing. 1300- 
item bibliography. 700 illustrations. 534pp. 
Paperbd. $2.25 
AY527. EXPERIMENTS & OBSERVATIONS ON THE 
GASTRIC JUICE, W. Beaumont. Great American classic 
of medicine, 1820's; experiments through a gunshot wound 
into a human stomach, Intro, by William Osler, 320pp. 


AY542. SOAP-BUBBLES, THEIR COLOURS & THE 
FORCES WHICH MOULD THEM, C. V. Boys. Do not 
confuse this with other editions; this is the only complete 
edition on the market, Dozens of experiments. illustrations 
of scientific principles, in classic of exposition. Half again 
as large as any other eoleion available. 83 illustrations. 
including color plate. 202p *aperbd. ie 
AY537. ASTRONOMY OF “STELLAR ENERGY & DE- 
CAY, Martin Johnson. Life history of stars. novas, Hoyle’s 
theory, Gamow, ete. First section for Hes reader with- 
out science backg round; 2nd for specialist “Recommended 
for both laymen and student,’’ “Sky & Te lescope.’” 216pp. 
Paperbd, $1.50 
Av526 PRINCIPLES OF QUANTUM MECHANICS, 
V. Houston. For readet with working knowledge of 
picieotars math. physics. Schroedinger's wave mechanics. 
Problems. Mathematical appendix 206pp. Paperbd, $1.85 
AY567 THEORY ILIT W. Burnside. 
Selection of papers. Biography of Burnside. 136pp. 
Paperbd. $1.00 








AY532. THEORY OF OPTICS, P. Drude. Classic text, 
enly work embracing whole field; historical theoretical, 
practical. ‘‘Remarkably original presentation. 
Michelson, in intro. 110 illus. 567pp. Paperbd $2. 45 
AY536. ELEMENTARY TRE FOURIER 
SERIES, W. E. Byerly. Spherical, cylindrical, ellipsoidal 
— applications to math. physics. hy problems. 
296p *aperbd. $1.75 
AY554- 6. A COURSE IN MATHEMATICAL. ANALYSIS, 
E. Goursat, E. Hedrick, 0. Dunkel. Standard, detailed, 
rigore:s coverage for student with calculus. Variables 
Taylor series, ration by parts, power series analytic 
functions, (Ce y's theorem, existence theorems, linear 
differential equations, ete. Problems. Total of 1125pp. 
Three volume set Set, paperbd. $5.00 
525. ANALYSIS OF SENSATIONS, Ernst Mach. 
Relation of perception “A physies; sound, light ete. 58 
illus. 5th enlgd. ed. 414p Paperbd. $1.75 
AY538. THE UNIVERSE OF LIGHT, Sir William Bragg. 
Nobel laureate in Royal Inst. Xmas Lectures on light: 
wave-particle theories corre ne we see, oie 199 ittus 
including 2 color plates, te anes 
AY545. INGENIOUS MATHEMATICAL PROBLEMS e 
METHODS, L. S. Graham. 100 recreations for advanced 
mathematician, engineer; based on_ geometry, 
number theory, engineering, ete. Full solutions. First 
publication as book, 245pp. Paperbd. $1.45 
AY560. FUNCTIONS OF A COMPLEX VARIABLE. 
J. Pierpont. Rigorous, complete; theory of linear differen- 
tial equations. Problems. 122 illus. 600pp. Paperbd. $2. 
AY543. TREATISE ON ALGEBRAIC PLANE CURVES, 
J. L. Coolidge. Detailed. thorough senate Topology. 
Riemann, ete. 17 illus. 540pp cote a 
558-9. THEORY OF FUNCTIONS OF REAL ARI. 
ABLES, J. Pierpont. Rigorous exposition for grad Palen 
Exponentials, continuity discontinuity ae renter 
integration, sets. ete. Total of 1200pp. Two vol. 
Set naneioa: "$4.90 
AY547. ALGEBRAIC THEORIES, L. E. Dickson. Intro. 
to branches of modern algebra, matrices, invariants 
groups, Galois. theory of equations, quintics “4 For- 
merly titled ‘Modern Algebraic Theories.’’ 285p 
Paperha $1.50 
AY541. THEORY OF FLIGHT, R. von Mises. Thoro text 
en subsonic flight; theory & practice; wing theory, com 
pressibility, ete. 408 illus. 685pp. Paperbd. $2.85 
AY546 THEORY OF HEAT RADIATION, Max Planck. 
Classic FN 2 am of electromagnetic meoks in terms 
of quantum. 242p Paperha. $1.50 
Y522. DY NAMICS OF PARTICLES, A. G. Webster. 
Dynamics of rigid, elastic, fluid bodies, Differential 
equations. 2nd ed. 203 illus.. 600pp. Paperbd. $2.35 
AY534 TENSORS FOR CIRCUITS, G. Kron. Highly 
original method of analyzing engineering problems by 








tensors. New hg by Banesh Hoffmann. Over 800 ie 
grams. ete, 270p Paperbd. $1.8 
AY528. Hess. STRATEGY, Edward Lasker. This ied 


taught Fine Keres. other ‘Finest book on chess.’ J. 
Capablanca. Principles rather than brute memory. 282pp 

aD.) au 50 
AY498. MATHEMATICAL PUZZLES OF SAM LOYD, 
ed. by Martin Gardner. Great American puzzler arazenté 
100 famous problems, Solutions, 168pp. Paperbd. $1.00 
ave. tag Jo Wes THE BIRDS FROM THE 


FLOWERS, ood. AS ae. celeste by famous 
physicist; buts vanaee ae 6 Paperbd. 75¢ 
487. T EVIL’S DICTIONARY, “ambrose Bierce. 


“Some of the yi gorgeous witticisms in the English 
language.’’ H. L. Mencken, 144pp Paperbd. $1.00 


Facsimile reproduction of everything Lear wrote in humor, 
545 illus. 320 pp. Paperbd. $1.00 
AY473. AMUSEMENTS IN MATHEMATICS, H. Dude- 
ney. Foremost British puzzler with more than 430 puzzles, 
problems; one of largest collections anywhere, 450 illus. 
Solutions, 264pp. Paperbd. $1.25 
AY499. NONSENSE ANTHOLOGY, Carelyn Wells. 245 


nonsense poems, arroll, Burgess, Belloc, ete. For 50 
years the best mbllection made, 330 pp. -aperbd, $1.25 
AY474. CANTERBURY PUZZLES, H. Dudeney. 





Chaucer's pilgrims set one another puzz 
puzzles in story form. 150 illus. Solutions. 





also other 


2pp. 
aperbd, $1.25 








AY497. PECK’S BAD BOY & HIS PA, G. W. Peck. 
Complete sorigeaallt of one of most widely read folk classics. 
100 illus. Intro. by E. F. Bleiler. 347pp. Paperbd. $1.35 
AY367. 101 PUZZLES IN THOUGHT & LOGIC, C. R. 
Wylie. No special knowledge, no math. needed. 128pp. 
Paperbd. $1.00 
AY492. SYMBOLIC LOGIC, GAME OF LOGIC, Lewis 
Carroll. Two books bound as one. Not modern sym. log, 
but amusements with all Carroll’s humor, based on classi- 
cal logic. Total 300pp. Paperbd. $1.50 
AY 198. MMASTS. Gare PUZZLES FOR BEGINNERS 
& ENTHUS ASTS, Mott-Smith. 188 puzzles based on 
algebra, eaetitiois. * probability, ete, 135 illus., 248pp. 
Paperbd. $1.00 
AY295. HOW TO CALCULATE QUICKLY, H. Sticker. 
Tried, true method for developing number sense. Not 
tricks, but solid course. 265pp. Paperbd, $1.00 
AY465. HOAXES, Prof. Curtis MacDougall. Prof. of 
Journalism at Sey examines 350 hoaxes in 
science, art, news, etc. Pranks, publicity stunts. Informa 
ive, entertaining. 347pp. Paperbd. $1.75 
AY394. FADS & FALLACIES IN THE NAME OF 
SCIENCE, Martin Gardner. Cults & delusions masquerad 
ing as science. Flat earth, Atlantis, General Soo ha ol 
Dianetics, orgone energy, ete. 384pp. Paperbd. $1.5 
AY503. ILLUSIONS & DELUSIONS OF THE SUPER: 
NATURAL & THE OCCULT, D. H. Rawcliffe. Explana- 
tion of hundreds of beliefs & practices: voodoo, shamans, 
stigmata, haunted houses, poltergeists, illusion- producing 
drugs, ete. Rational, fair approach. 14 photos. Preface by 
Julian Huxley. 551pp. Paperbd. $2.00 
AY505. YOGA: A SCIENTIFIC EVALUATION, K. Be- 
hanan. Based on study at Yale Inst. of Human. Rel. 
Psychology, supernaturalism, control of smooth muscles, 
unconscious mind, ete. 17 photos, 290pp. Paperbd. $1.65 
AY429-30. HISTORY OF MATHEMATICS, D. E. Smith. 
2 vol. set ranges from primitive times to late 19th cen 
tury, up thru calculus. Covers 1200 mathematicians. Ist 
volume history; 2nd volume covers special topics. T 
Jetailed non-technical history, fit for both spe 
beginner, available. 550 illustrations. Total of 1325 pages. 
Two volume set, boxed. Set, paperbound $5.00 
AY377. FOUNDATIONS OF PHYSICS, R. Lindsay, H. 
Margenau. Bridge between elementary and technical works, 
with stress on ideas and methodology. Classical physics, 
plus relativity, quantum theory. ‘‘Unreservedly recom- 
mended,’” NATURE, 567pn Paperbd. $2.45 
AY206. BIOLOGY OF THE AMPHIBIA, G. K. Noble. 
Unmatched for comprehensiveness, clarity, detail; easily 
read account - all aoe of amphibia. vothing compar- 
able to it, *. Pope. Curator of Amphibia. Chi. Mus. of 
Nat. Hist. Bibliorepty of 1047 items. 174 illus. 560pp. 
'g aperbd. $2.98 
All books standard 5% x 8 unless otherwise indicated. 
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O Smith, SOURCEBOOK, set, $3.50 
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Letters 


Animal Research 


As a member of the AAAS I object 
on moral grounds to those editorial 
policies which led to the publishing of 
the article “Effects of differential in- 
fantile handling upon weight gain and 
mortality in the rat and mouse” [Science 
130, 629 (1959)] by V. H. Denenberg 
and G. G. Karas. Their experiments 
consisted of handling young rodents for 
various lengths of time and then starv- 
ing the animals to death. The purpose 
of this procedure was to determine the 
stress effects of infantile handling on 
rats and mice. 

In all experiments involving pain or 
death to animals, (i) the information 
to be obtained should be worth (in 
terms of human benefit or real increase 
in fundamental scientific knowledge) 
the suffering caused, and (ii) the same 
or more valuable information should 
not be obtainable, with a reasonable 
amount of extra effort, by more humane 
procedures. These two criteria are 
practically platitudes. 

Since I am not a psychologist I shall 
not: comment on the worth of the ex- 
periment. The second criterion given 
above was not observed and, indeed, 
the experiment was not only immoral 
but imprecise. Certainly competent 
biologists could have suggested tests 
(anatomical, physiological, biochemical, 
and so on) for estimating the effect 
of the stress on the animals that would 
have provided more precise and inter- 
esting data than the one crude fact— 
how long it took for the animals to 
starve to death. This more exact in- 
formation would not have required kill- 
ing the animals in so cruel and extended 
a fashion. Note well, it took over 9 
days for some of the rats to die. If 
Denenberg and Karas were not capable 
of performing these more demanding 
tests, then they were obligated to ask 
capable biologists and chemists to assist 
them, and, of course, to share the 
authorship of their article. 

Very often there is strong pressure 
exerted on scholars to publish. The 
editors of Science have a moral obliga- 
tion to see that they do not encourage 
needlessly painful experimentation by 
their publishing policies. 

R. B. KELMAN 
Ossining, New York 


The task of selecting an end point, 
or dependent variable, in research is 
always a critical one. At times it is a 
relatively simple matter since, for some 
problems, an appropriate end point has 
been established by theory and empirical 
findings. At other times it is difficult, 
for a variety of reasons, for an experi- 


menter to arrive at a decision as to 
which variable or variables to measure. 


In selecting an end point it is generally 
agreed by investigators that certain cri- 
teria must be met. These criteria include 
relevancy, sensitivity, and precision. It 
is obvious that the measured variable 
must be relevant to the problem under 
investigation; it must be precise in the 
sense that it is repeatable; and it must 
be sensitive enough to detect differences 
induced by the experimental treatments, 
if such differences exist. Any variable 
which satisfies these demands is scien- 
tifically valid and may be used to study 
subhuman organisms. When research is 
conducted on human beings, other 
criteria in addition to those listed above 
must be met. 

An end point which has been widely 
used with animals as a measure of 
resistance to stress has been survival 
time after the introduction of some 
stressor agent. One such stressor has 
been starvation, either by itself or in 
combination with other agents. Selye 
discusses various classes of stimuli 
including starvation, which act as 
stressors. The reader is referred to Selye 
and the other cited literature for further 
information and references (/). Thus, 
the biological literature definitely estab- 
lishes that survival time following star- 
vation is a relevant dependent variable. 

The precision of the survival-time end 
point has been attested to by the fact 
that different researchers, working in- 
dependently, have been able to repro- 
duce one another’s results. As was 
indicated in our paper, Karas and I 
obtained the same general findings as 
did two other pairs of researchers. In 
addition, a partial replication of our 
data has established the repeatability of 
the phenomenon. Thus, the survival 
time measure is a precise end point. 

The statistical analysis of our data 
found differences among the various 
groups well beyond the usually accepted 
level of significance. These statistical 
findings have held up in the partial 
replication. Thus, survival time is a 
sensitive end point. 

Since the three criteria specified 
above have been met, it follows that 
our measure is scientifically valid and 
can be used to assess the effects of the 
experimental treatments. 

It may still be argued that the tech- 
nique is “crude” and that it does not 
provide “interesting data.” With refer- 
ence to the question of crudeness, it is 
pertinent to quote here a statement by 
Selye and Schenker (/), who exposed 
rats to a cold stress under starvation 
conditions and recorded survival time. 
In discussing the merits of their tech- 
nique Selye and Schenker state that 
“the test is specific because it is based 
upon the preservation of life = 
(Continued on page 266) 










































































A new 
achievement for 
STEREOMICROSCOPY 


The WILD* M5 STEREOMICROSCOPE 
presents, new, important advances 
in versatility, optics, mechanical con- 
veniences and physical design. 


This Swiss precision instrument is 
equipped with a main objective com- 
ponent followed by pairs of vertically 
mounted intermediate lenses with 
parallel axes. The result is increased, 
uniform sharpness throughout the 
field, with no need*for any change in 
FTooelanisaleler-idlelam 


With a constant working distance of 
bo] Ma alan meme) ¢-lalet-IgeMaat-l-dalhiler-balelatmr-la-) 
6X, 12X, 25X and 50X, conveniently 
FY-1[-tea¢-feMtelame- Mu alelapdelaie-] me laelaam 


Accessoriés include a base for trans- 
mitted light observation, various light 
ol 0] col-t-mus o] ale) col-de-lolallom-laleManl=t-Tt0] a lato 
attachments. A matching steel hood 
is provided for easy storage and 
lacie en 

For full details about this years- 
ahead stereomicroscope, write for 
Booklet M5. 


The FIRST name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes 
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more } 
performance 


per dollar with 


THE NEW PERKIN-ELMER” 
MODEL 4000-A SPECTROPHOTOMETER 


ultraviolet...visible...near infrared 


Priced within the reach of every labo- 
ratory, the new Perkin-Elmer Model 
4000-A Spectrophotometer has unique 
performance features which make it the 
highest value instrument in its field today. 
An advanced-design laboratory spectro- 
photometer—covering the ultraviolet, 
visible and near infrared regions — the 
Model 4000-A gives you these costly 
but essential instrumental advantages: 
e A DOUBLE MONOCHROMATOR, 
providing high resolution and low 
stray light. 

e A MICRO-POTENTIOMETER 
100% LINE COMPENSATION 
SYSTEM, allowing reproducibility of 
spectral data recording, regardless of 
inevitable instrumental and accessory 
changes. 

Performance Features: 

HIGH RESOLUTION: provides maxi- 

mum analytical precision over its total 

wavelength range: 0.1mp at 250 my; 

O0.S5mp at 600my; 3.0my at 1500mp; 

1.5mp at 2700mp. 


264 


LOW STRAY LIGHT: not more than 
.1% at any wavelength—less than .005% 
between 220 my and 1.5,. Single mono- 
chromator instruments have stray light 
values hundreds of times greater than 
these values, thus limiting accuracy. 


HIGH PEN SPEED: % second full 
scale, assuring swift response to small 
variations in spectra. Scanning time: 
from 30 seconds, full range (in the vis- 
ible), to 20 minutes in the UV for spe- 
cial, detailed determinations. 
LONG-TERM STABILITY: Io line 
shifts less than 2% over a 12-hour 
period. You get day-in, day-out repro- 
ducibility. 
Wide Range of Accessories 

The Model 4000-A’s extra-large sam- 
pling space allows the easy use of a wide 





range of sampling accessories. Standard 
items include diffuse and specular reflec- 
tance attachments, KBr disc mount, 
flame analysis adapter and repetitive 
scanning and time drive accessories. Of 
course, there’s a full range of standard 
optical liquid and gas sampling cells. 
The short distance between sample space 
and detector allows diffusing or turbid 
samples to be reproducibly analyzed 
with excellent response. 

Complete technical and performance 
data on the new Perkin-Elmer Model 
4000-A and its accessories are con- 
tained in literature now available from 
Perkin-Elmer Corporation. Find out 
how the Model 4000-A can help your 
analytical program—give you more per- 
formance per dollar. Write to 910 Main 
Avenue, Norwalk, Conn. 
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Perkin-Elmer Gyno 


NORWALK, 


CONNECTICUT 
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Letters 


(Continued from page 263) 


(italics theirs). The question of “inter- 
esting” data is one requiring a value 
judgment which will vary from one 
researcher to another. Personally, I can 
think of no datum which is quite as 
interesting as the length of time an 
animal can survive under conditions of 
stress. 

The final argument which can be 
raised against the use of the survival- 
time technique is that some other meas- 
ure should be found which will yield 
“the same or more valuable informa- 
tion.” Certainly, if another end point 
were known which would have per- 
mitted us to specify the length of time 
the animals would live, it would have 
been used. In fact, all biologists would 
be studying this end point, for it would 
be a basic clue to the understanding of 
life itself. Unfortunately, such an end 
point is, as yet, unknown. 

Victor H. DENENBERG 
Department of Psychology, 
Purdue University, Lafayette, Indiana 


Reference 


1. The following experimental studies also con- 
tain additional references on the same topic: 
R. I. Dorfman, R. A. Shipley, E. Ross, S. 
Schiller, B. N. Horwitt, Endocrinology 38, 
189 (1946); R. I. Dorfman, R. A. Shipley, 
S. Schiller, B. N. Horwitt, ibid. 38, 165 (1946); 
“Shock syndrome,” Ann. N.Y. Acad. Sci. 
(1952); H. Selye, Stress (Acta, Montreal, 
1950); H. Selye and V. Schenker, Proc. Soc. 
Exptl. Biol. Med. 39, 518 (1938); M. Zarrow, 
ibid. 50, 135 (1942). 


Glaciation and 
Scientific Terminology 


In the interest of public education in 
science and appreciation of science and 
scientists, I wish to protest the use of 
terms with long-established meanings 
to express concepts totally different. I 
refer to the use, by Brier and Kline, 
of the term glaciation to mean “forma- 
tion of crystals . in supercooled 
clouds” [Science 130, 717 (1959)]. 
For at least three generations glaciation 
has denoted “alternation of the earth’s 
solid surface through erosion and de- 
position by glacier ice” [R. F. Flint, 
Glacial Geology and The Pleistocene 
Epoch (Wiley, New York, 1947)]. 

Millions of our lay public are fa- 
miliar with this meaning. The study of 
glaciers and Pleistocene history is vitally 
significant in archeology and oceanog- 
raphy as well as in meteorology and 
geology. Communication among these 
interested groups, and with our sup- 
porting public, is jeopardized by the 
inadvertent introduction of multiple, di- 
verse definitions of common and essen- 
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tial terms. As many geology teachers 
are discovering, the mischief. already 
done by thoughtless or unwise use of 
terms is making effective teaching and 
efficient learning increasingly difficult. 
The progress and welfare of the newer 
and less developed scientific disciplines, 
as well as of the older ones, require 
care and discretion in using and de- 
veloping our terminology. 

CHAUNCEY D. HOLMES 
Department of Geology, 
University of Missouri, Columbia 


A preliminary search of the meteoro- 
logical history of the term glaciation in- 
dicates that the particular usage criti- 
cized by Holmes may be a relatively 
recent revival of this derivative from 
the Latin word clearly denoting freez- 
ing. The term is fairly well established 
(perhaps not irrevocably) in the cloud 
physicists’ vocabulary with reference to 
the sometimes striking and massive 
transformation of natural clouds to ice 
crystals [see, for example, F. H. Lud- 
lam and P. M. Saunders, “Shower for- 
mation in large cumulus clouds,” Tellus 
8, 424 (1956)]. 

If it is assumed that a term identify- 
ing this particular cloud phenomenon 
is a necessary or logical consequence 
of the expanding field of cloud physics, 
usage in this sense seems entirely con- 
sistent with a historically proper con- 
notation. Without meaning to disagree 
with the general thesis of Holmes’ com- 
munication, we offer the opinion that 
this example seems to be one where 
the distinction in the two meanings 
should be evident from the context in 
which the term is likely to appear. 

GLENN W. BRIER 
DwicHT B. KLINE 
Office of Meteorological Research, 
United States Weather Bureau, 
Washington, D.C. 


High-Altitude Observation 
Techniques 


Those of us who work in the upper- 
atmosphere research field were pleased 
to find R. C. Staley’s article “High-alti- 
tude observation techniques” in Science 
[130, 845 (1959)], since we feel that 
Science should endeavor to cover as 
broad a spectrum of scientific knowl- 
edge as possible. We were disappointed 
to find a number of errors in the article 
and feel that it would have been of 
greater value had it been written from a 
more authoritative and well-balanced 
viewpoint. 

F. E. Roach, who was responsible for 
the exciting discovery that the diffuse 
light from the upper atmosphere appears 


in large patches in the night sky, called 
“airglow cells,” is associated with the 
Central Radio Propagation Laboratory 
of the National Bureau of Standards 
and not with the Colorado High Alti- 
tude Observatory as stated by Staley. 
One of the coauthors of the article in 
which the phenomenon was first re- 
ported, E. Tandberg-Hanssen, was asso- 
ciated with the High Altitude Observa- 
tory during his stay in America. The 
existence of airglow cells was deduced 
from data taken under the National 
Bureau of Standards’ IGY airglow pro- 
gram from the Bureau’s Fritz Peak Ob- 
servatory in the mountains above Bould- 
er. 

On page 847 Staley implied that the 
spectrum of atomic oxygen and sodium, 
the Nz ion, molecular oxygen and nitro- 
gen, and the OH radical extended to 10, 
in the infrared. The long-wave-length 
edge of this emission is caused by the 
OH radical, whose spectrum ends at 
4.44 (the 9-8 vibrational transition). 
Only thermal emission by polyatomic 
molecules located lower in the atmos- 
phere exists beyond that wavelength. 
Also, on page 847, Staley refers to the 
night airglow emission as originating at 
altitudes as high as 1000 km. This num- 
ber came from a paper which has since 
been refuted. This shows the fallacy of 
taking data out of context from a table 
without having a thorough knowledge 
of the field. The airglow experts now 
agree that the airglow 6300 emission 
originates in the F region at heights not 
greater than 275 km. 

It is now generally accepted that the 
very-low-frequency emissions known as 
“whistlers” are definitely lightning-orig- 
inated; this is not just an “apparent” 
fact, as implied by Staley. On page 845, 
paragraph 1, a statement is made which 
implies that soft radiation was detected 
by balloons up to heights of 50 km. As 
correctly stated in the third paragraph, 
balloons can only reach heights of about 
42 km. In the next to the last sentence 
on page 845 it is stated that atmospheric 
pressures can be found from radio stud- 
ies of meteor trails. Atmospheric densi- 
ties can be determined in this manner, 
but not pressures. Beynon’s name is mis- 
spelled both in the text and in the ref- 
erence. At the bottom of page 846 it is 
stated that ion production at a given 
height is extremely sensitive to tempera- 
ture changes. The ion-production rate 
is only moderately dependent on the 
temperature because of the density 
change with variation of temperature. 
A number of statements in the article 
are controversial ones which have been 
taken out of context without proper 
qualification. 

Davip M. GaTEs 
Central Radio Propagation Laboratory, 
National Bureau of Standards, 
Boulder, Colorado 
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Moment of Truth 


I once knew an agency whose top officer used a very effective method 
with his “governing” board. He placed every proposal he submitted on 
the agenda for three successive meetings. At the first meeting he would 
say: “Obviously we need not spend time at this meeting, debating this 
proposal; for today it is merely being recorded on our schedule for care- 
ful review at two later meetings.” At the second, he would say: “I think 
it neither feasible nor necessary to devote any particular attention to 
this item at this meeting. It has been before you previously, and after 
all it does not come up for any definitive action until our next meeting.” 
At the third and final meeting he would say: “Now gentlemen, this 
proposal has, as you all know, been before you for some time. The 
action requested today is the purely formal one of official approval, 
merely to complete the record on a proposal which has been before you 
twice previously, and which I am sure already has your carefully 
weighed consent. Do I hear a motion?” 

I know another organization that prides itself on the many carefully 
scheduled steps which constitute the procedure for preliminary approval 
of any proposal for a new activity. By the time the proposal reaches 
the higher levels of responsibility, the number of examinations and suc- 
cessive interim approvals is so impressive that there is an almost over- 
whelming temptation to assume that the real decision has already been 
made. 

I know another organization which approves “preliminary” studies 
of feasibility, of tentative design, of advance and small-scale laboratory 
testing of units to see whether they can be made to function—all of 
this aimed in the direction of some huge new venture. These beginning 
steps are taken in a rather carefree atmosphere of “Well, it won’t cost 
too much to try out some ideas; and after all, we can decide later 
whether we really will undertake the huge venture.” But presently the 
organization finds that, without ever facing the central decision, it has 
drifted into a position from which retreat is impossible. 

I hope it will not be too abrupt and curious a change of scene to 
recall what happens under the warm afternoon sun within the Plaza de 
Toros in Madrid, or Mexico City, or Linares, or Bogota, or in many 
other Latin cities. 

At each running of the bulls, after the haunting and foreboding 
pageantry of the entry; after the mad rush out through the gates of 
fear; after the grotesque ceremony of the picadores and the stylized 
precision of the banderilleros; after the exquisite skill and the frenetic 
bravado of the matador—then comes that quiet instant when best and 
man face each other in motionless challenge. Then is the moment when 
the bull’s head goes down and the bright blade is poised. Then is the 
moment when courage and beauty and death confront one another, not 
in sham play, but in terrifying and noble reality. 

If this honest and clear focus of decision can be achieved in the 
bull ring, is it too much to hope that, in the infinitely more significant 
contests which decide the great issues of support for science, we can 
make the preliminary steps serve, but not conceal or dominate? Is it 
too much to hope that there can be a cleanly recognized, an honestly 
recognized, moment when courage and wisdom and accepted responsi- 
bility confront the act of decision? Is it too much to hope that, in the 
administrative management of science and in the determining of the 
major lines of strategy, there occurs, from time to time, a moment of 
truth? —WaARREN WEAVER, Alfred P. Sloan Foundation, New York 
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A View of Genetics 


The Nobel statutes of 1900 charge 
each prize winner to give a public lec- 
ture in Stockholm within six months of 
Commemoration Day. That I have fully 
used this margin is not altogether in- 
genuous, since it furnishes a pleasant 
occasion to revisit my many friends and 
colleagues in your beautiful city during 
its best season. 

The charge might call for a historical 
account of past “studies on genetic re- 
combination and organization of the 
genetic material in bacteria,” studies in 
which I have enjoyed the companion- 
ship of many colleagues, above all my 
wife. However, this subject has been 
reviewed regularly (36-38; 41; 42; 45; 
49; 54; 55; 58), and I hope you will 
share my own inclination to assume a 
more speculative task, to look at the 
context of contemporary science in 
which bacterial genetics can be better 
understood, and to scrutinize the future 
prospects of experimental genetics. 

The dispersion of a Nobel award in 
the field of genetics symbolizes the con- 
vergent efforts of a world-wide com- 
munity of investigators. That genetics 
should now be recognized is also time- 
ly—for its axial role in the conceptual 
structure of biology, and for its ripen- 
ing yield for the theory and practice of 
medicine. However, experimental genet- 
ics is reaching its full powers in coales- 





Dr. Lederberg is professor of genetics at 
Stanford University Medical School, Palo Alto, 
Calif. Together with Edward L. Tatum and 
George W. Beadle, he was awarded the Nobel 
prize in medicine and physiology for 1958. This 
article was delivered as a lecture before the 
Caroline Institute, Stockholm, Sweden, on 29 
May 1959. It is published with the permission 
of the Nobel Foundation. Dr. Tatum’s and Dr. 
Beadle’s Nobel lectures appeared in an earlier 
issue [Science 129, 1711, 1715 (1959)]. 
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cence with biochemistry: In principle, 
each phenotype should eventually be 
denoted as an exact sequence of amino 
acids in protein (79) and the genotype 
as a corresponding sequence of nucleo- 
tides in DNA (63). The precise de- 
marcation of genetics from biochemis- 
try is already futile: but when genetics 
has been fully reduced to its molecular 
foundations, it may continue to serve in 
the same relation as thermodynamics to 
mechanics (69). The coordination of so 
many adjacent sciences will be a cogent 
challenge to the intellectual powers of 
our successors. 

That bacteria and their genetics should 
now be so relevant to general biology 
is already a fresh cycle in our scientific 
outlook. When thought of at all, they 
have often been relegated to some ob- 
scure byway of evolution, their complex- 
ity and their homology with other 
organisms grossly underrated. “Since 
Pasteur’s startling discoveries of the im- 
portant role played by microbes in hu- 
man affairs, microbiology as a science 
has always suffered from its eminent 
practical applications. By far the ma- 
jority of the microbiological studies 
were undertaken to answer questions 
connected with the well-being of man- 
kind” (30). The pedagogic cleavage of 
academic biology from medical educa- 
tion has helped sustain this. distortion. 
Happily, the repatriation of bacteria and 
viruses is only the first measure of the 
repayment of medicine’s debt to biology 
(6, 7, 8). 

Comparative biochemistry has con- 
summated the unification of biology re- 
vitalized by Darwin one hundred years 
ago. Throughout the living world we see 
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a common set of structural units— 
amino acids, coenzymes, nucleins, car- 
bohydrates, and so forth—from which 
every organism builds itself. The same 
holds for the fundamental processes of 
biosynthesis and of energy metabolism. 
The exceptions to this rule thus com- 
mand special interest as meaningful 
tokens of biological individuality, for 
example, the replacement of cytosine by 
hydroxymethyl cytosine in the DNA of 
T2 phage (/2). 

Nutrition has been a special triumph. 
Bacteria which required no vitamins had 
seemed simpler than man. But deeper 
insights (36, 61) interpret nutritional 
simplicity as a greater power of synthe- 
sis. The requirements of more exacting 
organisms comprise just those metab- 
olites they cannot synthesize with their 
own enzymatic machinery. 

Species differ in their nutrition: if 
species are delimited by their genes, 
then genes must control the biosynthetic 
steps which are reflected in nutritional 
patterns. This syllogism, so evident once 
told, has been amplified by Beadle and 
Tatum from this podium. Its implica- 
tions for experimental biology and 
medicine are well-known: among these, 
the methodology of bacterial genetics. 
Tatum has related how his early experi- 
ence with bacterial nutrition reinforced 
the foundations of the biochemical 
genetics of Neurospora. Then, disre- 
garding the common knowledge that 
bacteria were too simple to have genes, 
Tatum took courage to look for the 
genes that would indeed control bac- 
terial nutrition. This conjunction marked 
the start of my own happy association 
with him, with the fascinating chal- 
lenges of bacterial genetics. 

Contemporary genetic research is 
predicated on the role of DNA as the 
genetic material of enzyme proteins as 
the cell’s working tools and of RNA as 
the communication channel between 
them (63). Three lines of evidence sub- 
stantiate the genetic function of DNA. 
Two are related to bacterial genetics; the 
third and most general is the cytochemi- 
cal observation of DNA in the chromo- 
somes, which are undeniably strings of 
genes. But chromosomes also contain 
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other constituents besides DNA: we 
want a technique to isolate a chromo- 
some or a fragment of one, to analyze 
it and to retransplant it to verify its 
functional capacity. The impressive 
achievements of nuclear transplantation 
(29) should encourage the audacity 
needed to try such experiments. The 
constructive equivalent to chromosome 
transplantation was discovered by a 
bacteriologist thirty years ago (20). The 
genetic implications of the “pneumococ- 
cus transformation” in the minds of 
some of Griffith’s successors were 
clouded by its involvement with the 
gummy outer capsule of the bacteria. 
However, by 1943, Avery and his col- 
leagues had shown that this inherited 
trait was transmitted from one pneu- 
mococcal strain to another by DNA. 
The general transmission of other traits 
by the same mechanism (25) can only 
mean that DNA comprises the genes 
(94). 

To reinforce this conclusion, Hershey 
and Chase (23) proved that the genetic 
element of a bacterial virus is also 
DNA. Infection of a host cell requires 
the injection of just the DNA content 
of the adsorbed particle. This DNA con- 
trols not only its own replication in the 
production of new phage but also the 
specificity of the protein coat, which 
governs the serological and host range 
specificity of the intact phage. 

At least in some small viruses, RNA 
also displays genetic functions. How- 
ever, the hereditary autonomy of gene- 
initiated RNA of the cytoplasm is now 
very doubtful—at least some of the 
plasmagenes that have been proposed 
as fulfilling this function are now better 
understood as feedback-regulated sys- 
tems of substrate-transport (65, 72, 81). 

The work of the past decade thus 








strongly supports the simple doctrine 
that all genetic information is nucleic, 
that is, is coded in a linear sequence of 
nucleotides. This simplification of life 
may appear too facile, and has furnished 
a tempting target for agnostic criticism 
(37, 41, 44, 74). But, while no scientific 
theory would decry continual refine- 
ment and amplification, such criticism 
has little value if it detracts from the 
evident fruitfulness of the doctrine in 
experimental design. 

The cell may, of course, carry infor- 
mation other than nucleic either in the 
cytoplasm or, accessory to the polynu- 
cleotide sequence, in the chromosomes. 
Epinucleic information has been in- 
voked, without being more precisely 
defined, in many recent speculations on 
cytodifferentiation and on such models 
of this as antigenic phase variation in 
Salmonella (47, 52, 56, 71). Alternative 
schemes have’so much less information 
capacity than the nucleic cycle that they 
are more likely to concern the regula- 
tion of genic functions than to mimic 
their specificities. 


Deoxyribonucleic Acid as a Substance 


The chemistry of DNA deserves to 
be exposed by apter craftsmen (/3, 31, 
86), and I shall merely recapitulate be- 
fore addressing myself to its biological 
implications. A segment of DNA is 
illustrated in Fig. 1. This shows a linear 
polymer whose backbone contains the 
repeating unit: 


| | 
—O—P(OO-)—O—CH:—CH—CH— 
diester phosphate C’s oN C’s 
The carbon atoms are conventionally 
numbered according to their position in 
the furanose ring of deoxyribose, which 


is coupled as an N-glycoside to one of 
the nucleins: adenine, guanine, cytosine, 
or thymine, symbolized A, G, C, and T, 
the now well-known alphabet in which 
genetic instructions are composed. With 
a chain length of about 10,000 residues, 
one molecule of DNA contains 20,000 
“bits of information,” comparable to 
the text of this article, or in a page of 
newsprint. 

Pyrophosphate-activated | monomer 
units (for example, thymidine triphos- 
phate) have been identified as the meta- 
bolic precursors of DNA (3/). For 
genetic replication the monomer units 
must be assembled in a sequence that 
reflects that of the parent molecule. A 
plausible mechanism has been forwarded 
by Watson and Crick (87) as a corollary 
to their structural model whereby DNA 
occurs as a _ two-stranded helix, the 
bases being centrally oriented. When 
their relative positions are fixed by the 
deoxyribose-phosphate backbones, just 
two pairs of bases are able to form 
hydrogen bonds between their respec- 
tive NH and CO groups; these are A:T 
and G:C. This pairing of bases would 
tie the two strands together for the 
length of the helix. In conformity with 
this model, extensive analytical evidence 
shows a remarkable equality of A with 
T and of G with C in DNA from various 
sources. The two strands of any DNA 
are then mutually complementary, the 
A, T, G, and C of one strand being 
represented by T, A, C, and G, respec- 
tively, of the other. The information of 
one strand is therefore equivalent to, 
because fully determined by, the other. 
The determination occurs at the replica- 
tion of one parent strand by the con- 
trolled stepwise accretion of monomers 
to form a complementary strand. At 
each step only the monomer which is 
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Fig. 1. Primary structure of DNA—a segment of polynucleotide sequence CGGT. [(From 13)] 
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complementary to the template would 
fit for a chain-lengthening esterification 
with the adjacent nucleotide. The model 
requires the unraveling of the inter- 
twined helices to allow each of them to 
serve as a template. This might, how- 
ever, occur gradually, with the growth 
of the daughter chain—a concept em- 
bedded in Fig. 2, which symbolizes the 
new Cabala. The discovery of a single- 
stranded configuration of DNA (85) 
makes complete unraveling more ten- 
able as an alternative model. 

For the vehicle of life’s continuity, 
DNA may seem a remarkably undis- 
tinguished molecule. Its over-all shape is 
controlled by the uniform deoxyribose 
phosphate backbone whose monotony 
then gives x-ray diffraction patterns of 
high crystallinity. The nucleins them- 
selves are relatively unreactive, hardly 
different from one to the other, and in 
DNA introverted and mutually satu- 
rated. Nor are any of tthe hydroxyls of 
deoxyribose left unsubstituted in the 
polymer. 

The most plausible function of DNA 
is ultimately to specify the amino acid 
sequence in proteins. However, as 
there are twenty amino acids to choose 
among, there cannot be a one-to-one 
correspondence of nucleotide to amino 
acid. Taking account of the code-dupli- 
cation in complementary structures and 
the need to indicate spacing of the words 
in the code sequence, from three to four 
nucleins may be needed to spell one 
amino acid (79). 

Wiile a protein is also defined by the 
sequence of its monomeric units, the 
amino acids, the protein molecule lacks 
the “aperiodic crystallinity” (80) of 
DNA. The differentiae of the amino 
acids vary widely in size, shape, and 
ionic charge (for example, H-; CH:°; 
H:N*CH2"CH2'CHe'CH:*; COOH:CH:: 
CH:*; HO:CsH:°CH:”) and in the case of 
proline, bond angles. The biological ac- 
tion of a protein is, therefore, attribut- 
able to the shape of the critical surface 
into which the polypeptide chain folds 
(73). The one-dimensional specificity of 
the DNA must therefore be translated 
into the three-dimensional specificity 
of an enzyme or antibody surface. 
The simplest assumption would be 
that the amino acid sequence of the ex- 
tended polypeptide, as it is released from 
the protein-building template in the cy- 
toplasm, fully determines the folding 
pattern of the complete protein, which 
may, of course, be stabilized by non- 
peptide linkages. If not we should have 
to interpose some accessory mechanism 
to govern the folding of the protein. 
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Fig. 2. The scheme of Watson and Crick 
for DNA replication. “Unwinding and 
replication proceed pari passu. All three 
arms of the Y rotate as indicated” (/4). 


This issue has reached a climax in specu- 
lations about the mechanism of anti- 
body formation. If antibody globulins 
have a common sequence on which spec- 
ificity is superimposed by directed fold- 
ing, an antigen could directly mold the 
corresponding antibody. However, if se- 
quence determines folding, it should in 
turn obey nucleic information. As this 
should be independent of antigenic in- 
struction, we may look instead to a pure- 
ly selective role of antigens to choose 
among nucleic alternatives which arise 
by spontaneous mutation (8, 50). 

The correspondence between amino 
acids and clusters of nucleotides has no 
evident basis in their inherent chemical 
makeup, and it now appears more 
probable that this code has evolved 
secondarily and arbitrarily to be trans- 
lated by some biological intermediary. 
The coding relationship would then be 
analogous to, say, Morse-English (bi- 
nary linear) to Chinese (pictographic). 
Encouragingly, several workers have re- 
ported the enzymatic reaction of amino 
acids with RNA fragments (22, 75). Ap- 
parently each amino acid has a different 
RNA receptor and an enzyme whose 
twofold specificity thus obviates any 
direct recognition of amino acid by 
polynucleotides. The alignment of 
amino-acyl residues for protein synthe- 
sis could then follow controlled assem- 
bly of their nucleotidates on an RNA 
template, by analogy with the model 
for DNA replication. We then visualize 
the following modes of information 
transfer: 

1) DNA replication—assembly of 
complementary deoxyribonucleotides on 
a DNA template. 


2) Transfer to RNA by some com- 
parable mechanism of assembling ribo- 
nucleotides. Our understanding of this 
is limited by uncertainties of the struc- 
ture of RNA (J/6). 

3) Protein synthesis: (i) aminoacyla- 
tion of polynucleotide fragments; (ii) 
assembly of the nucleotidates on an 
RNA template by analogy with step 1; 
(iii) peptide condensation of the amino 
acid residues. 

Some workers have suggested that 
RNA is replicated in step 3 concurrent- 
ly with protein synthesis, in addition to 
its initiation from RNA. 

The chief difference in primary struc- 
ture between DNA and RNA is the hy- 
droxylation of C’: in the ribose, so that 
a reactive sugar hydroxyl is available in 
RNA. This may prove to be important 
in the less ordered secondary structure 
of RNA, and in its function as an inter- 
mediary to protein. It remains to be 
determined whether the aminoacyl nu- 
cleotidates are esterified at C’: or at 
C’: which is also available in the 
terminal residue. From this résumé we 
may observe that the DNA backbone 
constitutes an inert but rigid frame- 
work on which the differential nu- 
cleins are strung. Their spatial con- 
straint lends specificity to the pattern 
of hydrogen bonding exposed at each 
level. This extended pattern is a plaus- 
ible basis for replication; it is dif- 
ficult to visualize any reagents besides 
other nucleotides to which this pattern 
would be relevant. These conditions are 
quite apt for a memory device—rubber 
and guncotton are poor choices for a 
computing tape. 


Deoxyribonucleic Acid 
and Bacterial Mutation 


The ignis fatuus of genetics has been 
the specific mutagen, the reagent that 
would penetrate to a given gene, recog- 
nize it, and modify it in a specific way. 
Directed mutation has long been dis- 
credited for higher organisms and the 
“molar indeterminacy” of mutation es- 
tablished both for its spontaneous oc- 
currence and its enhancement by x-rays 
(68). However, the development of re- 
sistance apparently induced by drugs 
revived illusions that bacterial genes 
might be alterable, an inference that 
would inevitably undermine the concep- 
tion of “gene” for these organisms. No 
wonder that the mechanism of drug re- 
sistance has excited so much contro- 
versy (89)! 

What sort of molecule could func- 
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tion as a specific mutagen, a reagent for 
a particular one of the bacterium’s com- 
plement of genes, which can hardly 
number less than a thousand targets? 
On the nucleic hypothesis, the smallest 
segment capable of this variety would 
be a hexanucleotide, all possible con- 
figurations of which must be discrimi- 
nated by the specific mutagen. How 
could this be generally accomplished ex- 
cept by another molecule of conforming 
length and periodicity, that is an analo- 
gous polynucleotide? Certainly there is 
nothing in the chemistry of penicillin or 
streptomycin to support their direct in- 
tervention in nucleic instructions. 

In addition, we recognize no chemical 
reagent capable of substituting one nu- 
clein for another in the structure of 
existent DNA. However, as the modifi- 
cation of a nuclein, even to give an un- 
natural base, could have mutagenic ef- 
fect, the chief limitation for specific 
mutagenesis is the recognition of the 
appropriate target. 

Of course the origin of drug resist- 
ance, for all its theoretical implications, 
poses an experimental challenge of its 
own. Concededly, experiments cannot 
decide untried situations. Nevertheless, 
the mechanism whereby resistant mu- 
tants arise spontaneously and are then 
selected by the drug can account for 


every well-studied case of inherited 
resistance (5, /0). However, in some 
favorable instances the spontaneous 


origin of drug-resistant mutants can be 
verified unambiguously by contriving to 
isolate them without their ever being 
exposed to the drug. One method en- 
tails indirect selection. To illustrate its 
application, consider a culture of 
Escherichia coli containing 10° bacteria 
per milliliter. By plating samples on 
agar containing streptomycin, we infer 
that one per million bacteria or 10° per 
milliliter produce resistant clones. But 
to count these clones they were selected 
in the presence of streptomycin which 
hypothetically might have induced the 
resistance. We may, however, dilute the 
original bacteria in plain broth to give 
samples containing 10° per milliliter. 
Since 10~° of the bacteria are resistant, 
each sample has a mathematical expec- 
tation of 0.1 of including a resistant 
bacterium. The individual bacteria being 
indivisible by dilution, nine samples in 
ten will include no resistants; the tenth 
will have one, but now augmented to 
1:10°. Which one this is can be readily 
determined by retrospective assay on the 
incubated samples. The procedure can 
be reiterated to enrich for the resistant 
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organisms until they are obtained in 
pure culture (J/). The same result is 
reached more conveniently if we spread 
the original culture out on a nutrient 
agar plate rather than distribute samples 
into separate test tubes. Replica plat- 
ing, transposing a pattern of surface 
growth from plate to plate with a sheet 
of velvet, takes the place of assaying 
inocula distributed in tubes (53). Dilu- 
tion sampling and replica plating are 
then alternative methods of indirect 
selection whereby the test line is spared 
direct contact with the drug. Selection 
is accomplished by saving sublines 
whose sibling clones show the resistant 
reaction. This proof merely reinforces 
the incisive arguments that had already 
been forwarded by many other authors. 

If mutations are not specific re- 
sponses to the cellular environment, how 
do they arise? We still have very little 
information on the proximate causes 
of spontaneous, even of radiation in- 
duced and chemically induced, muta- 
tion. Most mutagenic chemicals are po- 
tent alkylating agents (for example, for- 
maldehyde or nitrogen mustard) which 
attack a variety of reactive groups in the 
cell. Similar compounds may occur in 
normal metabolism and account for 
part of the spontaneous mutation rate; 
they may also play a role as chemical 
intermediates in radiation effects. For 
the most part, then, studies on muta- 
genesis, especially by the more vigorous 
reagents, have told us little about the 
chemistry of the gene. Probably any 
agent which can penetrate to the chro- 
mosomes and have a localized chemical 
effect is capable of introducing random 
errors into the genetic information. If 
the cell were not first killed by other 
mechanisms most toxic agents would 
then probably be mutagenic. 

Another class of mutagenic chemicals 
promises more information: analogs of 
the natural nucleins which are incorpo- 
rated into DNA. For example, bromoura- 
cil specifically replaces thymine in phage 
DNA when furnished as bromodeoxy- 
uridine to infected bacteria. Freese has 
shown, by genetic analyses of the ut- 
most refinement, that the loci of result- 
ing mutations in T4 phage are distrib- 
uted differently from the mutants of 
spontaneous origin or those induced by 
other chemicals (/8). This method pre- 
sumably maps the locations of thymine 
in the original DNA. In order to ac- 
count for wide variations in mutation 
rate for different loci, further interac- 
tions among the nucleotides must be 
supposed. So far, these studies represent 





the closest approach to a rational basis 
for chemical mutagenesis. However, 
every gene must present many targets 
to any nuclein analog, and the specific- 
ity of their mutagenesis can be detected 
only in systems where the resolution of 
genetic loci approximates the spacing of 
single nucleotides (4). At present this is 
feasible only in microorganisms; similar 
studies with bacteria and fungi would be 
of the greatest interest. 

More specific effects might result 
from the insertion of oligo- and poly- 
nucleotides, a program which, however, 
faces a number of technical difficulties: 
even if the requisite polymers were to 
be synthesized, there are obstacles to 
their penetration into cells. The use of 
DNA extracted from mutant bacteria 
to transfer the corresponding genetic 
qualities is discussed as “genetic trans- 
duction.” 

Ribonucleic acid is the one other 
reagent that may be expected to recog- 
nize particular genes. As yet we have 
no direct evidence that the transfer of 
information from DNA to RNA is re- 
versible. However, the antimutagenic 
effect of nuclein ribosides (27, 71) may 
implicate RNA in mutation. The revers- 
ibility of DNASSRNA information is 
also implicit in Stent’s closely reasoned 
scheme for DNA replication (82). The 
needed experiment is the transfer of 
DNA information by some _ isolated 
RNA. Although not reported, this has 
probably not been fairly tried. 

One motivation for this approach is 
the difficult problem of finding sources 
of homogeneous nucleic acids. DNA 
occurs biologically as sets of different 
molecules presumably in equimolar pro- 
portions. [A useful exception may be a 
remarkably small phage which seems to 
be unimolecular (85).] The species of 
RNA, however, may vary with the pre- 
dominant metabolic activity of the cells. 
If so, some molecular species may be 
sufficiently exaggerated in specialized 
cells to facilitate their isolation. A puri- 
fied RNA would have many potential 
applications, among others as a vehicle 
for the recognition of the corresponding 
DNA implied by our theory of informa- 
tion transfer. Pending such advances, 
specific mutagenesis is an implausible 
expectation. 

Adaptive mutations, of which drug 
resistance is a familiar example, are 
crucial to the methodology of microbial 
genetics. Once having connected < dap- 
tive variation with gene mutation (78), 
we could proceed to exploit these sys- 
tems for the detection of specific geno- 
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types in very large test populations. The 
genotypes of interest may arise, as in 
the previous examples, by mutation: the 
most extensive studies of the physiology 
of mutation now use these methods for 
precise assay. For, in order to count the 
number of mutants of a given kind, it 
suffices to plate large numbers of bacteria 
into selective media and count the sur- 
viving colonies which appear after incu- 
bation. In this way, mutation rates as 
low as one per 10° divisions can be 
treated in routine fashion. 


Genetic Recombination in Bacteria 


The selective isolation of designed 
genotypes is also the most efficient way 
to detect genetic recombination. For 
example, the sexual mechanism of 
Escherichia coli was first exposed when 
prototrophic (nutritionally  self-suffi- 
cient) recombinants arose in mixed cul- 
tures of two auxotrophic (nutritionally 
dependent) mutants (35, 57, 84). At first 
only one recombinant appeared per mil- 
lion parental bacteria, and the selective 
procedure was quite obligatory. Later, 
more fertile strains were discovered 
which have been most helpful to fur- 
ther analysis (45, 51). This has shown 
that typical multinucleate vegetative 
bacteria unite by a conjugation bridge 
through which part or all of a male 
genome migrates into the female cell 
(43). The gametic cells then separate. 
The exconjugant male forms an unal- 
tered clone, surviving by virtue of its 
remaining nuclei. The exconjugant fe- 
male generates a mixed clone includ- 
ing recombinants (J, 46).. Wollman, 
Jacob, and Hayes (88) have since 
demonstrated that the paternal chromo- 
some migrates during fertilization in an 
orderly, progressive way. When fertili- 
zation is prematurely interrupted, the 
chromosome may be broken so that only 
anterior markers appear among the re- 
combinants. All of the genetic markers 
are arranged in a single linkage group, 
and their order can be established either 
by timing their passage during fertiliza- 
tion or by their statistical association 
with one another among the recombi- 
nants. Finally, the transfer of genetic 
markers can be correlated with the trans- 
fer of DNA as inferred from the lethal 
effect of the radioactive decay of in- 
corporated phosphorus-32 (27). 

Sexual recombination is one of the 
methods for analyzing the gene-enzyme 
relationship. The studies so far are frag- 
mentary, but they support the concep- 
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tion that the gene is a string of nucleo- 
tides which must function as a coherent 
unit in order to produce an active en- 
zyme (4, 15, 33, 67, 90). However, 
metabolic blocks may originate through 
interference with accessory regulatory 
mechanisms instead of the fundamental 
capacity to produce the enzyme. For 
example, many “lactase-negative” mu- 
tants have an altered pattern of enzyme 
induction or a defective permease sys- 
tem for substrate transport (55, 65). 
Several laboratories are now working 
to correlate the relative sequence of 
genetic defects with the sequence of 
corresponding alterations in enzyme pro- 
teins; this may be the next best approach 
to the coding problem short of a sys- 
tem where a pure DNA can be matched 
with its protein phenotype. 

At first these recombination experi- 
ments were confined to a single strain 
of Escherichia coli, K-12. For many pur- 
poses this is a favorable choice of ma- 
terial—perhaps the main advantage is 
the accumulation of a library of many 
thousands of substrains carrying the 
various markers called for by the design 
of genetic tests. However, strain K-12 
is rather unsuitable for serological 
studies, having lost the characteristic 
surface antigens which are the basis of 
serological typing. In any event it would 
be important to know the breeding struc- 
ture of the group of enteric bacteria. 
Systematic studies have therefore been 
made of the interfertility of different 
strains of bacteria, principally with a 
convenient tester of the K-12 strain 
(39, 93). About one fourth of the sero- 
type strains of E. coli are fertile with 
strain K-12, and in at least some in- 
stances with one another. Whether the 
remaining three-fourths of strains are 
completely sterile, or whether they in- 
clude different, closed, breeding groups 
(that is, different genetic species) has not 
been systematically tested, partly be- 
cause of the preliminary work needed to 
establish suitable strains. 

Escherichia coli K-12 is also inter- 
fertile with a number of strains of 
Shigella species (59). Finally, although 
attempted crosses of Escherichia coli 
with many Salmonella types and of 
types of Salmonella with one another 
have usually failed, Baron has demon- 
strated crosses of Escherichia coli with 
a unique strain of Salmonella typhimu- 
rium (3). This may be especially useful 
as a means of developing hybrids which 
can be used to bridge the studies of 
sexuality in Escherichia coli and trans- 
duction in Salmonella. 


Genes and Viruses 


Bacteria furnish a unique opportunity 
to study the genetic relationships with 
their host cells. Another treasure of 
strain K-12 was for a time hidden, that 
it was lysogenic for a bacterophage, \, 
which is technically quite favorable for 
genetic work. In accord with Burnet’s 
early predictions, we had anticipated 
that the provirus for would be- 
have as a genetic unit, but E. M. Led- 
erberg’s first crosses were quite start- 
ling in their implication that the 
prophage segregated as a typical chro- 
mosomal marker (34). This was shown 
quite unambiguously by the segrega- 
tion of lysogenicity versus sensitivity 
from persistent heterozygous cells, a test 
which bypassed the then controversial 
details of fertilization. The viability of 
such heterozygous cells supports the hy- 
pothesis that lysogenicity depends in part 
on the development of a cytoplasmic 
immunity to the cytopathic effects of 
infecting phage as a result of the estab- 
lishment of the prophage in a bacterial 
chromosome. This picture is also 
brought out by zygotic induction (26) 
whereby the fertilization of a sensitive 
cell by a prophage-bearing chromosome 
may provoke the maturation and pro- 
gressive growth of the phage and the 
lysis of the complex. On the other hand, 
the introduction of a sensitive chromo- 
some into a lysogenic bacterium does 
not result in this induction. The mode 
of attachment of prophage to _ its 
chromosomal site is as unsettled as the 
general picture of the higher organiza- 
tion of DNA, but most students favor 
a lateral rather than an axial relation- 
ship for the prophage. The isolation of 
intact chromosomes of bacteria would 
give a new approach to this question but 
has so far been inconclusive. 

Another infectious particle that has 
jumped out of our Pandora’s box deter- 
mines the very capacity of Escherichia 
coli to function as a male partner in 
fertilization (57). For lack of a better 
inspiration, we call this particle “F.” 
Two kinds of male strains are now 
recognized according to whether the F 
particle has a chromosomal or a cyto- 
plasmic location. F+ strains, like the 
original K-12, are highly contagious for 
F and will rapidly convert populations 
of female, F— strains in which they are 
introduced. Hfr males, on the other 
hand, have a chromosomal localization 
of the F factor resulting from occasional 
transpositions in F+ strains. The differ- 
ent localization of the F particle in the 
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two cases is diagnosed primarily by the 
behavior of the particle in crosses. In 
addition, Hirota and Iijima (24) found 
that the F particle could be eliminated 
from F-+ strains by treatment with 
acridine dyes. Hfr clones are unaffected 
by acridine orange, but when they revert 
to the F+ state, as occasionally hap- 
pens, the F particle again becomes vul- 
nerable to the dye. The accessibility of 
extrachromosomal F is paralleled by 
several other examples of plasmid disin- 
fection (reviewed in 40); perhaps the 
most notable is the bleaching of green 
plant cells by streptomycin (17, 26). No 
reagent is known to inactivate F or pro- 
phage while bound to the chromosome. 

The virus \ and the plasmagene F 
are analogous in many features (28, 48). 
Their main differences are: 

1) Cytopathogenicity. A bacterium 
cannot long tolerate \ in its cytoplasmic 
state and remain viable. The vegetative 
A’ must promptly reduce itself to a chro- 
mosomal state or multiply aggressively 
and lyse the host bacterium. F has no 
known cytopathic effect. 

2) Maturation. Vegetative \ organizes 
a protein coat and matures into an in- 
fective phage particle. F is known only 
as an intracellular vegetative element; 
however, the coat of the F+ cell may 
be analogous to that of the phage. 

3) Transmission. » is infective—that 
is, it forms a free particle which can 
penetrate susceptible cells. F is trans- 
mitted only by cell-to-cell conjugation. 

4) Fixation. » has a foreordained site 
of fixation on the bacterial chromosome; 
F has been identified at a variety of 
sites. However, this difference may be 
illusory. In special situations, F does 
have preferential sites of fixation (77), 
and generally, translocations of F to 
different sites are more readily dis- 
covered than those of \ would be. 

5) Induction. Exposure of lysogenic 
bacteria to small doses of ultraviolet 
light causes the prophage to initiate a 
lytic cycle with the appearance first of 
vegetative, then of mature phage (62). 
Hfr bacteria make no analogous re- 
sponse. However, the kinetics of the 
reversion, Hfr>F-+, has not been care- 
fully studied. 

The genetic function of bacterio- 
phages is further exemplified by trans- 
duction whereby genes are transferred 
from cell to cell by the intervention of 
phage particles. In our first studies we 
concluded that the bacterial genes were 
adventitiously carried in normal phage 
particles (66, 83, 92). Further studies 
favor the view that the transducing 
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particle has a normal phage coat but a 
defective phage nucleus. This correla- 
tion has suggested that a gene becomes 
transducible when a prophage segment 
is translocated to its vicinity (2, 9, 
60). 

Transduction focuses special atten- 
tion of the phenomenon of specific 
pairing of homologous chromosome seg- 
ments. Howsoever a transduced gene is 
finally integrated into the bacterial 
genome, at some stage it must locate the 
homologous gene in the recipient chro- 
mosome. For in transduction, as in 
sexual recombination, new information 
is not merely added to the complement: 
it must also replace the old. This must 
involve the confrontation of the two 
homologues prior to the decision which 
one is to be retained. Synapsis is even 
more puzzling as between chromosomes 
whose DNA ‘is in the stabilized double 
helix and then further contracted by 
supercoiling. Conceivably gene products 
rather than DNA are the agency of 
synaptic pairing. 

The integration of a transduced frag- 
ment raises further issues (47). The 
competing hypotheses are the physical 
incorporation of the fragment in the 
recipient chromosome, or the use of its 
information when new DNA is repli- 
cated. The same issues still confound 
models of crossing over at meiosis in 
higher forms; once again the fundamen- 
tals of chromosome structure are needed 
for a resolution. 


Virus versus Gene 


The homology of gene and virus in 
their fundamental aspects makes their 
overt differences even more puzzling. 
According to the simplest nucleic doc- 
trine, DNA plays no active role in its 
own replication other than furnishing a 
useful pattern. Various nucleotide 
sequences should then be equally repli- 
cable. What then distinguishes virus 
DNA, which replicates itself at the ex- 
pense of the other pathways of cellular 
anabolism? For the T-even phages, the 
presence of the unique glucosylated hy- 
droxymethyl-cytosine furnishes a par- 
tial answer (12). However, other viruses 
such as display no unique constitu- 
ents; furthermore, as prophage they re- 
plicate coordinately with bacterial 
DNA. Does the virus have a unique ele- 
ment of structure, either chemical or 
physical, so far undetected? Or does it 
instruct its own preferential synthesis 
by a code for supporting enzymes? 





The Creation of Life 


The mutualism of DNA, RNA, and 
proteins as just reviewed is fundamental 
to all contemporary life. Viruses are 
simpler as infective particles but must, 
of course, parasitize the metabolic ma- 
chinery of the host cell. What would be 
the least requirements of a primeval 
organism, the simplest starting point for 
progressive replication of DNA in terms 
of presently known or conjectured mech- 
anisms? They include at least: (i) DNA. 
(ii) The four deoxyribotide pyrophos- 
phates in abundance. (iii) One molecule 
of the protein, DNA polymerase. (iv) 
Ribotide phosphates as precursors for 
RNA. (v) One molecule of the protein 
RNA polymerase. (vi) A supply of the 
20 amino acyl nucleotidates. Failing 
these, each of the 20 enzymes which 
catalyze the condensation of an amino 
acid and corresponding RNA fragments 
together with sources of these compo- 
nents. (vii) One molecule of the protein 
aminoacyl-RNA polymerase. 

In principle, this formidable _ list 
might be reduced to a single polynucleo- 
tide polymerized by a single enzyme. 
However, any scheme for the enzymatic 
synthesis of nucleic acid calls for the 
coincidence of a particular nucleic acid 
and of a particular protein. This is a 
far more stringent improbability than 
the sudden emergence of an isolated 
DNA such as many authors have sug- 
gested, so much more so that we must 
look for alternative solutions to the 
problem of the origin of life: These 
are of two kinds. The primeval organism 
could still be a nucleic cycle if nucleic 
replication occurs, however imperfectly, 
without the intervention of protein. The 
polymerase enzyme, and the transfer of 
information from nucleic acid to pro- 
tein, would then be evolved refinements. 
Alternatively, DNA has evolved from a 
simpler, spontaneously condensing poly- 
mer. The exquisite perfection of DNA 
makes the second suggestion all the 
more plausible. 

The nucleoprotein cycle is the climax 
of biochemical evolution. Its antiquity 
is shown by its adoption by all phyla. 
Having persisted for about 10° years, 
nucleoprotein may be the most durable 
feature of this planet’s geochemistry. 

At the present time, no other self- 
replicating polymers are known or un- 
derstood. Nevertheless, the nucleic sys- 
tem illustrates the basic requirements 
for such a polymer. It must have a 
rigid periodic structure in which two or 
more alternative units can be readily 
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substituted. It must allow for the re- 
versible sorption of specific monomers 
to the units in its own sequence. Ad- 
jacent, sorbed monomers must then con- 
dense to form the replica polymer, 
which must be able to desorb from the 
template. Primitively, the condensation 
must be spontaneous but reliable. In 
DNA, the sorption depends on the 
hydrogen bonding of nuclein molecules 
constrained on a rigid helical back- 
bone. This highly specific but subtle 
design would be difficult to imitate. 
For the more primitive stages, both 
of biological evolution and of our own 
experimental insight, we may prefer to 
invoke somewhat cruder techniques of 
complementary attachment. The sim- 
plest of these is perhaps the attraction 
between ionic groups of opposite charge, 
for example, NH:* and COO’, which 
are so prevalent in simple organic com- 
pounds. If the ingenuity and craftsman- 
ship so successfully directed at the fabri- 
cation of organic polymers for the prac- 
tical needs of mankind were to be con- 
centrated on the problem of construct- 
ing a self-replicating assembly along 
these lines I predict that the construction 
of an artificial molecule having the 
essential function of primitive life would 
fall within the grasp of our current 
knowledge of organic chemistry. 


Conclusions 


The experimental control of cellular 
genotype is one of the measures of the 
scope of genetic science. However, nu- 
cleic genes will not be readily ap- 
proached for experimental manipulation 
except by reagents that mimic them in 
periodic structure. Specifically induced 
mutation, if ever accomplished, will then 
consist of an act of genetic recombina- 
tion between the target DNA and the 
controlled information specified by the 
reagent. Methods for the step-wise 
analysis and re-assembly of nucleic 
acids are likely to be perfected in the 
near future in pace with the accessibility 
of nucleic acid preparations which are 
homogenous enough to make their use 
worth while. For the immediate future, 
it is likely that the greatest success will 
attend the use of biological reagents to 
furnish the selectivity needed to dis- 
criminate one among innumerable 
classes of polynucleotides. Synthetic 
chemistry is, however, challenged to 
produce model polymers that can emu- 
late the essential features of genetic sys- 
tems (95). 
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Human and Amphibian 


Neoplasms Compared 


Tumors in frogs and human beings are strikingly 
similar in cytological characteristics. 


W. R. Duryee, M. E. Long, H. C. Taylor, Jr., 
W. P. McKelway, R. L. Ehrmann 


The basic etiology of human tumors 
is not known and is not readily 
approachable experimentally. Some 
understanding of this important prob- 
lem may be attained, however, by 
comparing neoplasms in human beings 
with those in experimental animals. 
Conferences between us have led to 
detailed comparison of cytological 
features from several widely divergent 
clinical neoplasms. The nuclear and 
nucleolar characteristics of these tu- 
mors are so strikingly similar as to be 
remarkable. Of possible etiological sig- 
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nificance in the human being is the ex- 
tremely close resemblance to the se- 
quence of events observable in filtrate- 
induced renal cancers of the frog (/). 
In 1936 Lucké (2) noted strong simi- 
larities between neoplastic lesions in 
frog and human kidneys. For the frog 
he proposed a theory of tumor origin 
based on a transmissible organ-specific 
virus. This theory was confirmed and 
extended by Duryee (3) in 1956, using 
filtrates of homogenized tumors in- 
jected directly into host kidneys. A 
general sequence of nuclear events was 
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of factorial genetics, based on mutation, recom- 
bination, and enzymatic function, are all 
smaller than the DNA unit of molecular 
weight, ~6X<10° (4). There is increasing evi- 
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rather than an artifact of fragmentation (64). 
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observed in the treated kidney and was 
found to correspond in all details to 
those of transforming tubules in spon- 
taneous tumor growth, as studied in 
histological section. Further experi- 
mental confirmation was made by ex- 
posing normal tubules to sources of 
virus in tissue cultures (4). The fol- 
lowing observations on human tumors 
are of sufficient interest to be presented 
as isolated, although related, cases. 
Further research in the next few years 
will amply confirm or deny the impli- 
cations of our observations; obviously 
much work needs to be done. 


Amphibian Adenocarcinoma 


As background for our comparisons, 
a brief summary of earlier experi- 
mental conclusions is presented. In the 
amphibian, a physiological sequence of 
nuclear events followed direct renal 
injection of tumor filtrate. 

1) Simultaneous appearance of “new” 
deoxyribonucleic acid (Feulgen-posi- 
tive) particles (presumably virus ag- 
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gregates) on the nucleolar surface near 
the chromosomal attachment point in 
a high proportion of proximal tubule 
cells. 

2) Hyperactivity of the nucleolar 
machinery shown by increase in the 
ribonucleic acid mass of the nucleolus. 
Great variability between the cells was 
assumed to reflect different stages in 
a cyclical process. Eosinophilic intra- 
nuclear inclusions were not virus ag- 
gregates, as described by Lucké, * but 
were simply greatly enlarged nucleolar 





cores that contained ribonucleic acid. 

3) Extrusion of nucleolar ribonucleic 
acid and deoxyribonucleic acid into the 
nucleoplasm and thence into the cyto- 
plasm, or directly through the nuclear 
membrane into the cytoplasm to form 
ribonucleic-acid-rich cytoplasmic  in- 
clusion bodies and occasional granules 
of aggregated deoxyribonucleic acid 
particles. The ribonucleic acid inclusion 
bodies slowly dissolved into the cyto- 
plasm, acting as possible templates for 
new protein. 


in the adjoining cells. (Oil 


Parallel Phenomena in 
the Human Being 


In ovarian carcinoma Taylor and 
Long (5) have noted increases in nu- 
cleolar size in highly malignant grade 
III tumors over that in benign tumors 
and in tumors of a lower histological 
grade of malignancy. Nuclei of grade 
III tumors showed extreme nucleolar 
hyperactivity and stages in extrusion of 
nucleolar ribonucleic acid into the cyto- 
plasm. Similar nucleolar ribonucleic 





Fig. 1 (left). Human epidermoid cervical carcinoma (10384, 
M.H.), showing nuclei of highly malignant tumor cells with large 
eosinophilic inclusion bodies (JB) in the cytoplasm. Note the 
escape of eosinophilic material (EM) from the nucleus together 
with basophilic granules (G). Nucleolar hyperactivity is evident 


immersion; hematoxylin-eosin. ) 








(About X 1730) [College of Physicians and Surgeons, Columbia University] Fig. 2 (right). Human endometrial carcinoma, grade 3 
(59-673, R.S.) in an ascites fluid smear preparation. The large arrow indicates extrusion of deoxyribonucleic acid material (G) from 
the nucleus. A pyronin-positive ribonucleic-acid-rich inclusion body (JB) is visible in the adjacent cytoplasm. (Oil immersion; 
methyl green pyronin Y.) (About x 1730) [College of Physicians and Surgeons, Columbia University] 





Fig. 3 (left). Human renal adenocarcinoma, grade 1 (S-59-571, M.M). Note the stages in the development of intranuclear eosin- 
ophilic inclusion bodies (JB) which are developed within the nucleolus and the enlarged nucleolar-chromosomal junction point 
(JP). Nucleolar hyperactivity is evident in several nuclei. (Oil immersion; hematoxylin-eosin.) (About X 1870) Fig. 4 (right). Lower 
magnification of human renal adenocarcinoma (from the same slide as Fig. 3). Note the large eosinophilic inclusion bodies devel- 
oping inside the nucleoli (JB). The nucleolar chromosomal attachment point is visible in ‘several nuclei (for example, JP). (Oil 
immersion; hematoxylin-eosin.) (About x 800) [Free Hospital for Women, Brookline, Mass.] 
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acid phenomena have been observed by 
these investigators in endometrial car- 
cinoma (6) and in cervical epidermoid 
carcinoma (7). Kopac and Mateyko 
have confirmed and extended these 
observations in tissue culture studies of 
ovarian carcinoma (8). 

Recent studies of Feulgen-reacted 
gynecological material have shown 
localization of deoxyribonucleic-acid 
aggregates around the sites of nucleolar- 
chromosomal junction points and the 
presence of minute deoxyribonucleic- 
acid compounds in cytoplasm. As in 
amphibian renal adenocarcinoma, such 
activity was limited to scattered foci 
within each tumor and was observed 


predominantly in tumors of the high- 
est grade of malignancy (Figs. 1 and 
2). 

, Localized nests of cells in a 2100- 
gram adenocarcinoma of the kidney 
were found to contain all stages of en- 
larged eosinophilic inclusions in the 
nucleus, up to 11 microns in diam- 
eter. Many examples of intranuclear 
eosinophilic material containing pre- 
sumable ribonucleic acid were observed 
in such areas escaping into the cyto- 
plasm. Occasional cytoplasmic deoxyri- 
bonucleic acid granules (0.5 to 1.5 ») 
could be identified. The unusual char- 
acteristics of these cells deserve atten- 
tion and suggest that further search of 





Fig. 5. Early cellular changes in a human colon gland closely adjacent to adeno- 
carcinoma, grade 1 (G-7923, F.D.). Deoxyribonucleic acid granules (G) are extruded 
from the nuclei. (Oil immersion; Feulgen-fast green FCF.) (About x 900) [George 


Washington University Hospital] 





Fig. 6. Human pseudomucinous adenocarcinoma of the ovary, grade 1 (H-76, M.K.). 
Granules containing deoxyribonucleic acid (G) may be seen escaping from nuclei 
together with a small amount of ribonucleic acid. A hyperactive nucleolus (NL) has a 
Feulgen-positive capsule. (Oil immersion; Feulgen-fast green FCF.) (About x 1160) 


[George Washington University Hospital] 
278 


other renal tumors be made, beyond 
the preliminary exploration which has 
yielded a small number of comparable 
cases (Figs. 3 and 4). 

In another patient with a presumably 
benign hydatidiform mole (Hertig 
group II), focal groups of cells were 
found showing all stages of enlarged 
nuclei (up to 25 w#) with large eosino- 
philic intranuclear masses (up to 18 
»). Stages of massive nucleolar ribo- 
nucleic acid escaping into the cyto- 
plasm were observed. It is of interest 
that no cytoplasmic deoxyribonucleic 
acid was demonstrable. 

In a case of grade I adenocarcinoma 
of the large intestine, a Feulgen-stained 
section showed packed nuclei, highly 
variable in size, with indications of 
marked nucleolar hyperactivity. There 
were many examples of intranuclear 
ribonucleic-acid inclusions and some 
“new” deoxyribonucleic acid granules. 
An average of two mitoses per high- 
power field indicated rapid growth rate. 
It is of interest that inclusions contain- 
ing deoxyribonucleic acid were also 
noted on occasion in the cytoplasm of 
closely adjacent colon gland cells (Fig. 
5). The latter cells of the colon wall il- 
lustrate large Feulgen-positive inclu- 
sions (2 to 3 «) in the cytoplasm similar 
to those noted by Helwig (9) and others. 

Another case of primary ovarian 
adenocarcinoma yielded exceptionally 
clear examples of tumor nodules with 
Feulgen-positive bodies situated inside 
and outside the nuclear membrane 
(Fig. 6). 


Spontaneous and Experimental 
Amphibian Tumors 


In comparable ways spontaneous 
and virus-induced amphibian renal 
adenocarcinomas agreed in showing de- 
oxyribonucleic acid granules from the 
nucleus escaping into the cytoplasm. 
Sections of spontaneous and experi- 
mental frog tumors demonstrated 
clearly that acini of primary renal 
adenocarcinoma were derived directly 
from transformed kidney tubules. In 
the majority of over a hundred cases 
studied, numerous tubules per kidney 
were involved, giving clear proof of the 
multicentric origin of this tumor. Close 
examination of transforming tubules 
frequently showed great numbers of 
infected nuclei with “new” deoxyri- 
bonucleic acid granules around the nu- 
cleolus. Release of ribonucleic acid 
from the nucleus allowed the deoxyri- 
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Fig. 7 (left). Frog renal adenocarcinoma nuclei in tissue culture. The arrows indicate a deoxyribonucleic acid granule (G) ouiside 


of the nucleus; a ribonucleic acid cytoplasmic inclusion body (JB)in the cytoplasm; and a hyperactive nucleolus developing at the 
nucleolar-chromosomal junction point (JP), together with additional deoxyribonucleic acid. (Oil immersion; Feulgen-fast green 
FCF.) (About x 2100) Fig. 8 (right). Frog adenocarcinoma cell nucleus in tissue culture. Note the ribonucleic acid inclusion bodies 
in the cytoplasm (JB), one escaping from the nucleus (E), and the ribonucleic acid in the enlarged core of the nucleolus (NL). 
(Oil immersion; Feulgen-fast green FCF.) (About x 2700) [George Washington University School of Medicine] 


bonucleic acid granules (presumably 
virus) to escape also. Strong evidence 
for the transformation of normal tu- 
bules into malignant tissue immediate- 
ly adjacent to active tumor masses was 
noted (see Figs. 7-9). 


Conclusions 


As indicated in the opening state- 
ment, histological and cytological fea- 
tures common to all of these human 
malignant tumors are (i) marked in- 
crease in Feulgen-positive granules 
(deoxyribonucleic acid) around the nu- 
cleolus; (ii) increase in the size, and 
evidence of extreme hyperactivity of 
the nucleolar machinery, leading to 
greater than normal extrusion of ribo- 
nucleic acid into the nucleoplasm and 
cytoplasm; (iii) resultant accumulation 
of nucleolar ribonucleic-acid and oc- 
casional deoxyribonucleic acid aggre- 
gates in cytoplasm. (Occasional massive 
cytoplasmic ribonucleic acid inclusion 
bodies and small “bursts” of deoxyribo- 
nucleic acid into extracellular areas are 
characteristic only of the most malignant 
grades.) 

These findings are compatible with 
and extend the “cytogenetic” virus con- 
cept of Furth (J0). There is clear evi- 
dence that the genetic machinery of an 
amphibian cell [that is, the deoxyribonu- 
cleic acid templates (J/) of a gene 
locus on a chromosome] not only can 
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organize nucleolar ribonucleic acid but, 
under unusual stimulus, can fragment 
itself (3,4). Stimulation of normal 
nucleolar machinery of the cell to a 
highly abnormal or malignant degree 
by a_ cytogenetic infecting virus 


Fig. 9. Section of spontaneous adenocarcinoma of frog kidney showing transforming 


(J0) is evident in various animal tu- 
mors and is consistent with previous, 
poorly understood, observations on hu- 
man tumors. The purpose of this article 
has been to emphasize that these essen- 
tial features may be experimentally ap- 





tubule (T). Note the eosinophilic inclusion body (JB) in the cytoplasm in another 
tubule. (Hematoxylin-eosin.) (About x 230) [George Washington University School 


of Medicine] 
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proached in the test animal and there- 
fore may be compared with malignant 
cytology in human beings. A parallelism 
may throw light on possible conditions 
of carcinogenesis in human beings, but 
certainly parallelisms are no proof, and 
no direct implication that human tu- 
mors are virus-induced is allowed or 
intended. However, it is noteworthy that 
all the foregoing details in stained 
frog-kidney sections may be observed 
in comparable living cell nuclei in tis- 
sue culture under the highest powers 
of phase-contrast microscopy, and it 
may be pointed out that tissue-cultures 


of human malignant cells have, in 
many instances, exhibited nucleolar ab- 
normalities identical with those de- 
scribed in this preliminary presentation 
(12). 
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Introducmg Modern Medicine 


in a Navajo Community 


Physicians and anthropologists are cooperating in 
this study of changing patterns of culture and 
disease. The second of two parts. 


Walsh McDermott, Kurt Deuschle, John Adair, 
Hugh Fulmer, Bernice Loughlin 


In part I of this article (see last 
week’s issue of Science) were presented 
the background, the goals, and certain 
of the preliminary findings of a joint 
medical-anthropologic research program 
on cross-cultural technologic develop- 
ment in the field of health. The studies 
are being conducted with the coopera- 
tion of the Navajo Tribe and the U.S. 
Public Health Service in an 800-square- 
mile area situated in the approximate 
center of the Navajo land in the south- 
western United States. 

Few better illustrations of the signifi- 
cance of cross-cultural matters in medi- 
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cine can be cited from the present 
study than the situation observed with 
respect to congenital dislocation of 
the hip. Indeed the experience has been 
an excellent lesson in the basic principle 
that what constitutes a “disease” in one 
culture does not necessarily constitute a 
“disease” in another culture. 


“Congenital” Hip 


As had been expected, the prevalence 
of congenital dislocation of the hip at 
Manyfarms-Rough Rock was found to 
be quite high. Indeed the number of 
cases found represents a prevalence rate 
of 1090 persons afflicted per 100,000 
population, in contrast to a rate of 3.8 
persons per 100,000 in New York City. 
To what extent this disease is truly 
hereditary has never been precisely 
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established, although it is generally 
designated as a congenital disorder. It 
has also been strongly suspected that 
cultural factors, notably the use of 
cradleboards, contribute substantially 
either to the condition itself or to the 
degree of permanent disability resulting 
from it. For, on the cradleboard, the 
infant is securely laced with the out- 
stretched legs bound together in a posi- 
tion that does not favor continued 
insertion of the head of the femur in 
the pelvic joint. 

Irrespective of the relative roles of 
genes and culture in causation, there is 
an increasing body of evidence that the 
major portion of the disability in con- 
genital hip disease can be prevented if 
the condition is discovered and appro- 
priate nonsurgical treatment is started 
during the first year, or at most the 
first two years, of life. During the next 
two years (ages three and four), the 
only satisfactory treatment is surgical 
and consists of exposing the joint and 
inserting the femur in its proper loca- 
tion. Once the child has attained the 
age of five or six years (school age), the 
only treatments available are the more 
elaborate surgical procedures of at- 
tempting to create a “shelf” of bone, or, 
if this fails, fusing the hip joint. The 
latter operation is seldom employed as 
the initial treatment unless the child has 
reached the age of 12 or 13 years, and 
the operation results in a completely 
stiff and “frozen” hip joint. The reason 
for purposely producing the obvious 
physical handicap of a completely fused 
hip joint is that unless this is done, the 
patient runs a considerable risk of 
having a chronically painful traumatic 
arthritis of the hip when he or she 
attains the age of 40 or 45. 
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When in the course of the research 
program the time seemed appropriate 
to begin a special study of congenital 
hip disease, it became abundantly clear 
from the reactions of the Navajo staff 
that a highly “tender” area was being 
approached. Contrary to the immediate 
assumption, moreover, it speedily be- 
came clear that the delicate nature of 
the matter was quite unrelated to its 
obvious familial connotations. Some- 
thing quite different was at issue— 
namely, that in Navajo culture con- 
genital dislocation of the hip, even when 
bilateral, is not viewed as a disease or 
even as a particularly important disabil- 
ity. Boys with this condition are not 
generally mocked, and girls who have 
it have no difficulty in obtaining hus- 
bands and raising families. Indeed, the 
fact that one child in a family has 
congenital hip disease appears to be 
regarded, not quite as a positive bless- 
ing, but as a sort of continuously visible 
relative blessing. By this is meant a 
blessing in the sense that when evil 
struck the family, this was the worst 
it could do, and evil is not apt to strike 
one family on too many occasions. 

What made the issue such a delicate 
one was the fact that a number of years 
previously the members of our Navajo 
staff had happened to witness the con- 
sequences of the surgical treatment of 
congenital hip in older children in their 
own homes. As explained above, when 
congenital hip disease is not discovered 
until the child has passed a certain age, 
surgical fusion may be all that can be 
done. Moreover, this procedure is a 
perfectly sensible one for an older child 
or adolescent in the non-Indian culture 
of the United States. The stiff hip 
does not prevent the child from get- 
ting around, and the risk of a more 
serious handicap in mid-adult life is 
prevented. With a Navajo child whose 
hip joint is fused, however, the situation 
is completely different. Life around a 
hogan is enormously complicated for 
one with a stiff hip. For example, such 
a person cannot join the family for 
meals because the whole family usually 
sits on the ground or on sheepskins at 
mealtime. Moreover, such a child is 
unable to ride horseback. In Navajo 
eyes, these are present realities that can- 
not be effectively offset by the thought 
that some other disability, not too well 
understood, will not be present 20 or 30 
years hence. 

From the viewpoint of the Navajo 
staff, therefore, the sole contribution 
of modern medicine to the question of 


29 JANUARY 1960 


congenital hip disease was to transform 
something that was no real handicap, 
and was almost a blessing, into some- 
thing that representec a very serious 
handicap indeed. Once it became clear 
what was bothering the staff, it was 
possible to design a study with the 
initial object of developing ways to 
identify congenital hip disease suffi- 
ciently early in life so that nonsurgical 
treatment might be applied. A genea- 
logic study of the occurrence of con- 
genital hip disease has been started, 
with the thought that, if it could be 
established that the condition is geneti- 
cally determined, the use of diagnostic 
x-ray could be limited to infants in 
families that had a history of hip 
disease. Although this study is only 
in its early stages, there appears to be 
no cultural problem at all with respect 
to asking questions about antecedents, 
because kinship relations are matters 
of considerable interest in Navajo so- 
ciety. 

This episode is cited because it illus- 
trates the danger in attempting to build 
a health program on the illusory con- 
cept that health is the absence of dis- 
ease. In reality, “health” is a relative 
matter and signifies the degree to which 
a person can operate effectively within 
the particular circumstances of his 
heredity and environment. The wisdom 
of our Navajo staff on this point un- 





doubtedly saved us from considerable 
difficulty. 

From this study of the disease pattern 
of the community certain general find- 
ings appear significant. First, the virtual 
absence of most of the diseases that are 
fatal in non-Indian society in the United 
States serves to emphasize the fact that 
in reality all societies are disease-ridden; 
it is only in the disease pattern that the 
great differences lie (1). In economical- 
ly underdeveloped areas such as the 
Navajo country, the disease pattern is 
one of high infant mortality, juvenile 
invalidism, and premature death, in con- 
trast to the disease pattern in the non- 
Indian part of the United States, which 
permits many decades of productive life. 
Second, in the Manyfarms-Rough Rock 
community, microbial diseases or their 
consequences constituted more than 
three-quarters of the disease found. For 
most of the diseases, and for virtually 
all of the fatal ones, effective and prac- 
ticable measures for treatment or pre- 
vention exist. Third, more than 97 
percent of the illness encountered could 
be quite properly and effectively treated 
in the field clinic facility. Fourth, in 
such a society, a health program based 
on the school children is largely a “re- 
pair the damage” program. 

By the time the child arrives at school 
at five or six years of age, much of 
what is going to happen has already 


Aerial view of the headquarters of the Field Health Research Project, which is situated 


on tribal property at Manyfarms, Arizona. 


The clinic facility and research laboratories 


are in the white-roofed building at lower right. The living quarters for the staff (left 
and center) consist of trailers and modified railroad refrigerator cars. The latter were 
hauled overland 125 miles from the nearest railroad. The building at upper left is a 
shed for storage of road-maintenance equipment, and the buildings and trailers at upper 
right form the Manyfarms day school (grades 1 through 3). Many members of the 
project community reside on top of the mesa seen in the background. [James Bosch, 


Window Rock, Ariz.] 
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A Navajo Health Visitor administering penicillin in the field clinic. The Health Visitors 
are trained to perform certain nursing procedures, such as intramuscular injection of 
drugs, both in the clinic and in the hogan, thereby freeing the public health nurse for 
other activities. No medication can be given without a specific prescription by a 
physician, but in emergencies in the hogan the Health Visitor can obtain such a pre- 
scription by means of the radio-telephone with which each automobile is equipped. 


[American Museum of Natural History] 


happened, and he is a “veteran” of 
human disease. He may be infected 
with tubercle bacilli, may be deaf from 
streptococcal infections of the ear, may 
have some visual difficulties because of 
trachoma, and may have been walking 
since infancy with a congenitally dis- 
located hip. Obviously, therefore, a 
program in preventive medicine, to be 
fully effective, must be inaugurated with 
the preschool children. In a society in 
which the people live in compact vil- 
lages, the preschool children are rela- 
tively accessible. In a society such as 
the Navajo, with its vast distances be- 
tween homes, a considerably greater 
effort in required, in terms of staff and 
facilities, to organize a health program 
for preschool children than to organize 
such a program for any other age group. 


“Health Visitors” 


The third of the three general studies 
undertaken by the medical-anthropologic 
research group has to do with de- 
termining to what extent only partially 
educated Navajo men and women can 
be trained to function as effective field 
auxiliaries of the public health nurses. 
This program is designated the “Health 
Visitor” program. In a very real sense 
this program in medical and nursing 
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research represents an attempt to study 
certain of the implications of the tech- 
nologic revolution represented by the 
development of powerful and simply ad- 
ministered antimicrobial drugs. 

In conditions such as those that ob- 
tain in the Navajo country, where the 
population is thinly dispersed over the 
rugged terrain, it is quite difficult for 
a trained public health nurse to make 
more than one or two home visits per 
day. Moreover, she must be accom- 
panied by a driver-interpreter. Obvious- 
ly no proper field program could be set 
up until some way could be found to 
multiply the effectivness of the highly 
trained public health nurse. An essen- 
tial feature of the study under discussion 
is the concept of a single all-purpose 
subprofessional worker—that is, an 
auxiliary to the field nurse, a driver- 
interpreter, a sanitarian, and a com- 
munity worker all in one. 

It must be emphasized that the Health 
Visitor program is not one of training 
“feldshers,” or “half-baked” physicians, 
but rather a study of the use of sub- 
professional workers who are constantly 
under the direction of the public health 
nurse. Each Health Visitor has an as- 
signed group of patients all residing in 
a particular area, and when out in the 
field, the Health Visitor regularly com- 
municates with and receives instructions 


from either the nurse or the physician 
by radio-telephone installed in the auto- 
mobile. At the present time a single 
public health nurse can manage the 
activities of three or four Health 
Visitors. The latter can perform all 
immunization procedures, can admin- 
ister penicillin and other medication that 
must be injected, can obtain the pa- 
tient’s basic history, can assist in obtain- 
ing the history of the current complaint, 
and can perform many of the tasks 
that so frequently consume the time of 
more highly trained personnel. The 
types of relationships that are develop- 
ing between the Navajo Health Visitors 
and the community on the one hand, 
and between Health Visitors and the 
professional staff on the other hand, are 
being studied in detail by the social 
scientists. 


Segmental Studies 


The term segmental is used to de- 
scribe studies in areas that are more 
sharply defined than the three areas of 
the general investigations. The range of 
subject matter in the segmental studies 
is understandably broad. As a conse- 
quence, the research necessarily involves 
the use of both “field” techniques, in 
the epidemiologic, genetic, and social- 
anthropologic studies, and laboratory 
techniques, for such studies as those on 
viral disease, anemias, and coronary 
arterial disease. Segmental studies are 
in progress for each of the problem 
disease areas included in the community 
disease-pattern investigation, and such 
studies are also in progress in a number 
of other areas. No attempt will be made 
to present a complete listing of the 
studies, but four are briefly outlined to 
illustrate the varied techniques involved, 
the type of problem encountered, and 
the fact that the particular questions 
chosen could not really be profitably 
studied by either the medical or the 
anthropologic investigators working 
alone. 


Self-Administration of Drugs 


The first is a study of the extent to 
which an uneducated, nonliterate people 
(with partially educated children) can 
assume personal responsibility in a 
tuberculosis therapy or prophylaxis pro- 
gram based on the long-continued daily 
self-administration of isoniazid tablets. 
Although this question is being studied 
in terms of drug therapy in tuberculosis, 
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ian in reality the point at issue has far wider were regularly prodded and supervised; tablet, and the presence of the riboflavin 
uto- implications. For one of the major and approximately 15 per cent of the in the urine is easily detected by its 
ngle trends in medicine today is the unprece- group, for one reason or another, could capacity to fluoresce. It has thus be- 
the dented extent to which successful con- not be relied upon to do their part. come technologically possible to return 
alth trol of disease has come to depend on The obvious next step was to define to the field studies, but because of cer- 
all long-continued daily self-administration these three crudely differentiated groups tain social problems it is essential to 
nin- of a variety of powerful drugs by com- more precisely, so that the relevant proceed with caution. For in order for 
that pletely asymptomatic patients. To be individual factors might be identified. the technique to be useful, it will be 
pa- faithful in the daily ingestion of a pill Before this could be done, however, it necessary at some time to reveal the in- 
ain- appears to be strangely difficult in any was first necessary to develop a labo- formation it discloses. Once this is 
\int, society. As the act is usually closely ratory technique, suitable for field con- done, there will occur a change in 
asks related to such personal habits as morn- ditions, whereby the fact that the drug _ the relationship of family and physician 
> of ing ablutions, the circumstances that had been recently ingested could be from one of trust to one of resentment 
The surround it may be quite different in established. Several procedures for of a mysterious form of “inspection.” 
lop- different cultures. The first step chosen chemical analysis of the urine were This problem in itself can presumably 
tors in the study under discussion was simply available but were not satisfactory for be managed through careful conduct, 
and, to prescribe daily isoniazid tablets for conditions as they existed in the field but there is a further problem that is 
the an 18-month period for a group of 150 (2). For it was essential that the pro- even more delicate. This has to do 
are persons, two-thirds of whom were chil- cedure should not involve the adminis- with the fact that certain Navajo are 
cial dren. The degree of effectiveness of tration of any new chemical compound members of a cult that use the alkaloid 
this practice was evaluated by the only of undefined toxicity; the discoloration peyote in a religious ceremony. This 
means then available—namely, analysis of the urine or a marked change in its practice has been outlawed by the Tribal 
of the patients’ requests for additional odor; or any chemical extraction process Council, and if the practice of peyotism 
supplies of the drug, supplemented by or technique of similar complexity, can be proved, the user is subject to a 
random visits for “pill inventory” in beyond the capacity of the subprofes- sentence in jail. In the course of the 
de- the hogans. By this admittedly crude sional Navajo laboratory workers to tuberculosis studies at Manyfarms, but 
ore method it was estimated that approxi- carry out. In association with Gladys before the particular riboflavin tech- 
| of mately 75 percent of the people man- Hobby, a technique was developed that nique had been developed, it was dis- 
> of aged their chemotherapy satisfactorily; met these criteria (3). The vitamin covered that families from certain 
dies an additional 10 percent did so if they riboflavin is incorporated in the isoniazid camps were reluctant to participate. 
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rO- An entire family leaving their camp for a trip to the field clinic for examination, because the father was recently discovered to 
aily have pulmonary tuberculosis in a potentially infectious stage. In the left foreground is a “shade” or temporary summer dwelling. The 
ets. permanent hogan may be seen in the background. Approximately half of the transportation in the area is by horse; the remainder 
ied is by automobile, chiefly by “pickup” truck. | The family was found to be free of infection, and the father is receiving self-administered 
ae antituberculosis chemotherapy, with periodic supervision by a Health Visitor and the professional staff. [Kenneth Marthy, Chap- 
Sis, paqua, N.Y.] 
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On discrete inquiry it developed that 
they had heard a rumor that a test was 
available for the identification of peyot- 
ists by detection of the material in the 


urine. By treading a difficult course 
between the obvious wishes of the Tribal 
Council to stamp out peyotism on the 
one hand and the desire to obtain pa- 
tient cooperation on the other, it was 
possible to “get the word around” that 
no such test was known to the staff. 
This process now has to be repeated, 
and whether this can be done success- 
fully remains to be seen. 

Thus it is that a “drug self-adminis- 
tration” study that has _ proceeded 
“logically” from the investigator’s stand- 
point has developed its own set of 
complications. The experience repre- 
sents one more example of a principle 
familiar in cross-cultural work in any 
field—namely, that a technique which 
produces information is looked upon as 
something quite mysterious, and hence 
may be accorded a completely unpre- 
dictable role in terms of the prevailing 
fears of the culture. 


Translation of Medical Concepts 


The second of the segmental studies 
that deserves mention is that on the sub- 
ject of “conceptual transfer.” This study 
is being conducted by both the social 
and the medical scientists in associa- 
tion with a noted student of the 
Navajo language, Robert Young. The 
basic techniques involve the paraphras- 
ing of passages from a selected medical 
textbook into two English versions— 
a version readily intelligible to a person 
of average education in the United 
States, and a version thought to fit 
Navajo concepts. The two versions are 
then translated orally into Navajo by a 
number of persons who bear a greater 
or lesser responsibility as interpreters at 
medical facilities in the Navajo country. 
The translations are recorded and are 
analyzed as they are retranslated into 
English. The disease descriptions in- 
clude diseases familiar to the Navajo 
and diseases concerning which they have 
no knowledge. 

Certain of the points established thus 
far are general ones that are presumably 
valid in fields other than health. For 
example, it was discovered that the 
common practice of defining with syno- 
nyms gave rise to considerable difficulty. 
Some interpreters presented with the 
statement “the disease known as arth- 
ritis or rheumatism” would proceed to 
attempt to describe two separate diseases 
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from that point on. A more important 
specific finding, however, has been that 
the problem of physician-patient com- 
munication with Navajo people is a 
formidable one, not so much because 
there are wide differences between the 
Navajo and the English language as 
because there are wide differences be- 
tween the two cultures with respect to 
concepts of bodily disease. If both cul- 
tures had essentially the same concepts of 
disease and its treatment, any person 
reasonably fluent in both languages 
could serve as a satisfactory “bridge” 
between the patient and his physician. 
As it stands, however, with the wide 
difference in medical concepts that exist, 
an interpreter may be _ completely 
bilingual in discussing the ordinary 
affairs of life yet wholly unreliable in 
discussing medical matters unless he is 
quite generally familiar with the medical 
concepts of both cultures. 

To be sure, this same principle ap- 
plies in some degree to technologies 
other than medicine. But in most other 
technologies—for example, animal hus- 
bandry or agriculture—the two people 
involved in the attempt at communica- 
tion are both usually concerned with the 
visible world around them and not with 
the inner feelings of one of the two per- 
sons. By contrast, for the proper appli- 
cation of modern medicine the physician 
depends to a very considerable extent 
(exclusively, for some diseases) on the 
subtleties and minor gradations in the 
patient’s own account of how he feels 
as compared with his usual state. 

Thus, in the case of the Navajo, 
the patient’s own standards, by which 
he judges his degree of well-being, are 
not only not known to the physician but 
they derive from concepts of whose very 
existence the physician may be unaware. 
It is possible to learn about the concepts 
from the person serving as interpreter, 
but this is a lengthy process and the 
sessions must be conducted in private. 
For to establish effective interchange 
with the patient it is essential that the 
interpreter should not be placed in a 
position of embarrassment with one of 
his own people because of a particular 
approach used in questioning. Ideally, 
the physician should learn both the 
concepts of health and the language of 
the community in which he is working. 
But for him to acquire the language, par- 
ticularly to a degree that would permit 
him to make fine distinctions among 
symptoms, is frequently not practicable. 

An approach that is practicable is to 
train the physician and the technicians 
to work effectively through interpreters. 


The principal lesson already learned, 
however, is that for effective interchange 
it is necessary for both the physician 
and the interpreter to acquire a very 
considerable body of information con- 
cerning the disease concepts in the two 
cultures. And the educational effort 
necessary to train the interpreter in 
“Western” medical concepts is very little 
less than that necessary to train him 
as an effective subprofessional tech- 
nician. Consequently, at least in the 
specific case of cross-cultural work in 
medicine and health, there is no real 
place for a special training-school for 
interpreters. It is more realistic to go 
the whole way and train the subpro- 
fessional auxiliaries of the physicians 
and nurses. 


Ischemic Heart Disease 


The third study for mention is one 
concerned with ischemic heart disease— 
that is, the myocardial damage that re- 
sults from coronary arterial disease. Im- 
pressive evidence has been accumulated 
in recent years that this disease is 
culture-linked. The factor in various 
cultures that is most often singled out 
as perhaps the most significant in this 
disease is the amount of fat, specifically 
the amount of hydrogenated fat, in the 
diet. It has been thought that the 
Navajo, like many peoples who live in 
relatively primitive surroundings, have 
a low prevalence of ischemic heart 
disease, but that, unlike most such 
peoples, the Navajo consume a diet high 
in animal fat. It seemed of importance, 
therefore, to test the long-held clinical 
impressions that ischemic heart disease 
was rare among the Navajo by making 
detailed clinical, electrocardiographic, 
and other laboratory studies on all 
members of the Manyfarms-Rough 
Rock population who were 30 years of 
age or older. If the suspected low 
prevalence were to be confirmed, the 
impression that the people consume 
relatively large quantities of animal fat 
could then be tested, and indeed any 
other culturally-linked factors that might 
reasonably be thought to have signifi- 
cance could be studied. 

The suspicion that the prevalence of 
ischemic heart disease was low was 
definitely confirmed, and the other 
studies were started. The observations 
made thus far have included complete 
histories and physical examinations on 
approximately 500 of the 600 persons 
30 years of age or older; electrocardio- 
grams with standard and unipolar leads; 
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ae measurement of the serum cholesterol; As indicated above, Virtually all of aortic calcification occurs at a later 
hon determinations (in selected groups) of these data have been obtained, except age in the 50- to 69-year age group 
ery the pattern of urinary excretion of 17- in the last three areas, and the data among Navajo than among non-Navajo. 
on ketosteroids and ketogenic steroids (4); are now undergoing analysis. Conse- It is believed, therefore, but it cannot 
ree characterization of the daily diet by in- quently, only very tentative statements as yet be stated as definite, that of the 
fort vestigators who arranged either to live can be made at this time. When due factors studied, the principal differences 
in with a number of the families or who allowance has been made for this fact, between the Manyfarms-Rough Rock 
ttle made systematic visits to a larger sample however, it appears that the prevalence Navajo and residents of urban com- 
re at mealtime; determination (by the same of ischemic heart disease is indeed low munities in the United States may be 
lk observers) of sleeping habits; measure- [three cases in a three-year period found in such factors as amount of 
the ments of cigarette consumption; and among the approximately 600 (actually physical exercise, duration of sleep, 
se crude estimates, based merely on obser- 607) people 30 years or older]; that the consumption of cigarettes, and perhaps 
‘il vation, of the amount of physical ex- apparent absence of angina pectoris is relative “peace of mind.” 
for ercise generally involved in hogan living. not a reflection of failure of “conceptual 
go In addition, studies of the fatty-acid transfer” on the part of the interpreters; 
Bef composition of samples of fat obtained that the range of values for serum cho- Medicine Man and Physician 
wa by biopsy of appropriately selected sub- lesterol is the same as for urban dwellers 
jects are in progress; actual measure-_ in the United States; and that consump- The fourth segmental study to be 
ment of physical exercise has been tion of cigarettes is rare and, when mentioned has to do with relationships 
made; and an attempt is being made found, is low (maximal consumption between the Navajo medicine man and 
to measure crudely what might be being 40 cigarettes weekly). It further the “Western” physician, and the effects 
termed “relative peace of mind” by appears (although the analyses are less of these relationships on community 
nad ascertaining the number and the effec- complete) that the usual diet will be life. This study has two components. 
bhi tiveness of religious ceremonials held found to approach the United States The first is an investigation of what 
i for this purpose among an appropriately average in terms of content of fat; that might be termed “the healing process” 
faa selected population sample. (Navajo the obvious differences between Navajo in a selected sample of nine families. 
d religious ceremonies are not held on a_ and non-Navajo in terms of hair dis- An attempt is being made to determine 
- regularly scheduled basis but are or- tribution are not accompanied by sig- what is considered to be a health prob- 
" ganized on an ad hoc basis, according nificant changes in the pattern of hor- lem in the home and what factors ap- 
aa to the particul<r needs of an individual.) mone excretion in the urine; and that pear to determine whether help is first 
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sought from the Navajo medicine man 
or from the physician. The other com- 
ponent of the study has to do with the 
reactions of the medicine men them- 
selves and with whether, as a conse- 
quence of the availability of “Western” 
medicine, young men are no longer 
willing to expend the not inconsiderable 
effort necessary to acquire status as 
medicine men. Thus far the relation- 
ships between the medicine men in the 
community and members of the project 
staff have been excellent. Every effort 
is made to accord the medicine men the 
respect they deserve as the spiritual 
leaders of the community. Many of 
the medicine men themselves consult 
the physicians as patients, and they have 
raised no objections to the use of 
“Western” medical methods for patients 
they are caring for by Navajo methods. 
Nevertheless, an obvious potential prob- 
lem exists in any attempt to preserve the 
spiritual influence of the medicine man 
while removing from him responsibility 
for the management of “somatic” dis- 
ease. The medicine men believe they 
can distinguish between the type of “ill- 
ness” most likely to be benefited by their 
procedures and the type that is better 
managed by the project staff. Moreover, 
they are quick to recommend the em- 
ployment of both sets of “healers” in 
situations that appear to have any 
urgency. The danger obviously exists, 
however, that an acute illness that could 
be easily treated by modern medical 
methods might be allowed to progress 
significantly while Navajo medicine 
men were being employed. Thus far 
this has happened only rarely. It is to 
be hoped that the issue may not be- 
come serious and that the present good 
relations can lead both parties to make 
adaptations in their practice that will 
make it possible to preserve the essen- 
tials of both “ways.” 


Significance of the Study 


It seems appropriate to comment on 
the problems involved in the evaluation 
of studies such as those under discussion 
and on the possible applicability of any 
findings to cross-cultural medical tech- 
nologic development in general. 

One of the obvious problems that has 
to be faced in mixing medical and 
social-science studies in a single whole 
is that methods suitable for evaluation 
in one field cannot always be adapted 
to another. In the Manyfarms project, 
the drawing of inferences from the data 
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consists of evaluating a variety of ob- 
servations, of widely different nature, 
on the influence of the technology on 
the community. Some of these observa- 
tions can be expressed numerically, but 
many cannot. Thus we have to find 
ways of arriving at conclusions based 
on a mixture of various types of evi- 
dence. 

It would be foolish to defer facing 
the fact that in many of the issues of 
greatest importance, the major infer- 
ences, in the last analysis, are in the 
form of subjective judgments. Every 
effort has been made, therefore, to 
ensure that the observations and the 
subjective judgments are made in as 
systematic and organized a way as pos- 
sible, and that the conclusions represent 
the consensus of the greatest number 
of people in a position to make an in- 
formed judgment. It appears that the 
strictly medical findings should have 
generality. What cannot be decided at 
present, however, is whether the par- 
ticular observations that have to do with 
working with a people represent research 
findings that have generality, or whether 
they merely represent experience, and a 
certain wisdom presumably acquired 
thereby, that must remain an essentially 
individual affair. 

Many problems remain that are not 
being studied. Certain of these are be- 
yond the scope of the project or the 
competence of the present investigators; 
others represent wholly proper research 
subjects for which no approach has as 
yet been imagined. Nevertheless, they 
deserve brief mention. 

There is the fascinating question of 
the character of the period during which 
a community might have the “best of 
both worlds,” when its “primitive” pat- 
tern of disease has been suddenly sup- 
pressed artificially, rather than by the 
century and a half of socioeconomic de- 
velopment that produced the same result 
in our society. Is it not possible that 
we achieved this result at too high a 
price, as reflected by the particular 
diseases that are plaguing us today? 
Will the artificially altered communities 
necessarily follow directly in our foot- 
steps, as seems to be tacitly assumed. 
Might it not be that a people who will 
necessarily continue to live for some 
time in a rustic environment will de- 
velop wholly new disease patterns, quite 
unlike our own, as they adapt to this 
relatively isolated but drastic change in 
their environment. This whole subject 
is obviously no mere philosophic specu- 
lation, for even the preliminary data on 


births and deaths at Manyfarms strongly 
suggest the emergence there of just such 
a phase as “the best of both worlds.” 

Another major area has to do with 
the markedly changed sovereignty rela- 
tionships of recent years, whereby tech- 
nologic development activities are now 
almost invariably conducted with recipi- 
ent governments and peoples who are 
politically independent of the nations 
supplying the bulk of the technicians. 
Even a nation’s own trained people are 
frequently quite alien to its rural peo- 
ples and exert only nominal political 
authority over them. This general phe- 
nomenon has many implications, but a 
major one is that to all intents and pur- 
poses public health programs today are 
obliged to proceed solely by persuasion. 
But “persuasion” in a cross-cultural situ- 
ation is a highly deceptive word, for 
it really means the use of an enormous 
body of information and skills that have 
nothing to do with technological knowl- 
edge. Moreover, in most economically 
underdeveloped areas, persuasion in the 
area of health must proceed without 
the powerful support of an immediate 
prospect of rapid change in social and 
economic status. Such a hope for im- 
provement of social status has un- 
doubtedly been a very powerful force in 
determining our own hygienic practices 
as individuals. 

It must also be noted, as was recently 
emphasized by the Banfields (5), that 
the degree of community organization 
necessary for the exploitation of a tech- 
nology does not necessarily arise auto- 
matically just because the technology is 
made easily available, and that in some 
cultures the necessary organization may 
not arise at all. With the Navajo, the 
problem of organization should not 
prove too difficult because the tribal 
organization is rapidly assuming a well- 
directed responsibility for the manage- 
ment of its affairs, Inevitably there will 
be some lag between effective organiza- 
tion at the general tribal level and effec- 
tive participation by the individual 
communities in their own affairs. The 
latter is something that differs widely in 
degree at present among the many 
“communities” of the large tribal area. 


How Rapid the Change? 


It would not seem proper to close 
this consideration of certain aspects of 
research in technologic development 
without mention of the pace or rate of 
the introduction of a technology. Cer- 
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tainly it is not clear whether this is 
something that is controllable or even 
susceptible to study or whether, once a 
significant innovation is made, others 
inevitably follow in an essentially un- 
controllable fashion. In large measure, 
any attempt to control the pace of in- 
troduction of a technology involves 
ethical considerations, and these become 
of primary importance when the tech- 
nology is medical. With the Manyfarms 
project we have not really had to face 
up to this formidable question. For 
many delays, of a type to be expected 
in any field program, resulted in a situa- 
tion in which we could not have simul- 
taneously introduced the many individual 
elements of a total program even if 
we had wanted to do so. Consequently, 
we have tended to introduce one thing 
at a time. Moreover, in making our 
choices we derived considerable freedom 
from the fact that the governmental and 
tribal programs are both expanding at 
such a rate that by the time our long- 
term studies are completed, any appro- 
priate services from our program can 
be maintained. 


In most development programs in 
health, however, this question of pace 
looms importantly, especially in the case 
of programs devoted to the control of 
a single disease, such as tuberculosis. 
Unless we can acquire wisdom in this 
matter, the possibility of actually doing 
harm through technologic development 
programs in health is very real. At 
the present time, however, we cannot 
pretend that we have found a way to 
investigate this question of “rate of 
introduction” in the Manyfarms studies 
and can only state that we are devoting 
considerable attention to attempts to 
find such a way. In the meantime, in 
our thinking we try to be guided by 
the thought expressed several years ago 
by the distinguished former United 
States diplomat George Kennan (6): 
“Wherever the authority of the past is 
too suddenly and too drastically under- 
mined—wherever the past ceases to be 
the great and reliable reference book of 
human problems—wherever, above all, 
the experience of the father becomes 
irrelevant to the trials and searchings 
of the son—there the foundations of 


Science in the News 


Scientific Activity in Africa Growing; 
U.S. Education Aid Rising Slowly 


The political and economic changes 
that are taking place in many African 
countries as they struggle for indepen- 
dence seem to be stimulating rather 
than retarding scientific activity. 


Munitalp Meteorological Institute 


A recent event that augurs well for 
African science is the announcement 
that an Institute of Tropical Meteorol- 
ogy is to be established in Kenya with 
funds provided by the Munitalp Foun- 
dation. This news was reported on 
1 December by Lord Twining, chair- 
man of the board of the foundation, 
when he welcomed scientists from 26 
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countries to the opening of a 17-day 
symposium on tropical meteorology 
that took place in Nairobi, capital of 
Kenya. Kenya is a British colony and 
protectorate that is seeking independ- 
ence. The symposium was sponsored by 
Munitalp and the World Meteorological 
Organization. 

The Munitalp Foundation will con- 
tribute £40,000 for capital expenditure 
on buildings and equipment and £12,- 
000 a year for 10 years to meet operat- 
ing costs. The institute will probably be 
located in Maguga, on the outskirts of 
Nairobi. 

Munitalp (“platinum” spelled back- 
wards), which has now transferred its 
headquarters to Africa, was incorpo- 
rated in 1949 in the state of Connecti- 


man’s inner health and stability begin to 
crumble. Insecurity and panic begin 
to take over, conduct becomes erratic 
and aggressive. These, unfortunately, 
are the marks of an era of rapid tech- 
nological or social change. A great por- 
tion of our globe is today thus affected. 
And if the price of adjustment to rapid 
population growth is to cut man’s ties 
to the past and to catapult him violently 
across centuries of adjustment into some 
new and unfamiliar technological strato- 
sphere, then I am not sure that the 
achievement is worth the price.” 
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cut. The foundation has long supported 
basic meteorological research in the 
United States—research such as the 
cloud physics investigations of Vincent 
Schaefer. 

In his December announcement, 
Lord Twining explained that agreement 
had been reached with the East African 
High Commission for the new institute 
to be associated with the East African 
Meteorological Department and with 
the East African Agricultural and For- 
estry Research Organization in Maguga. 
He emphasized that while the institute 
would work in close cooperation with 
these two bodies, it would retain its 
independence and would be free to 
carry out work for the benefit of all 
countries in tropical Africa. 

Lord Twining invited the countries 
and organizations participating in the 
Nairobi symposium to cooperate with 
the new organization, pointing out that 
although the institute will initiate and 
conduct particular investigations, among 
its most important functions will be 
the collection and collation of data and 
the dissemination of knowledge. 


United States Delegate Comments 


V. D. Rockney of the U.S. Weather 
Bureau in Washington, who attended 
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Prime Minister Nkrumah and Prince Philip, Duke of Edinburgh (center), leave a hall 
in Accra after inauguration of the Ghana Academy of Science and Learning. 


the Nairobi symposium, strongly recom- 
mends that the United States detail one 
or two “really top” meteorologists to 
work at the new institute. He points out 
that if a number of countries lend ex- 
perienced investigators, the institute will 
quickly be provided with a _ superior 
research corps that can make a real 
contribution to the progress of African 
science. He stressed the supranational 
character of the project, pointing out 
that the organization hopes to attract 
research workers and students and to 
secure contracts from many countries 
in Africa. 

Rockney also mentioned that he was 
impressed by the extent of African par- 
ticipation in the Nairobi symposium. 
Some 17 states and territories were 
represented. Each delegation was com- 
posed of the chiefs of the state meteor- 
ological services, and in most cases at 
least one of these was a native African. 
In addition, Rockney made special ref- 
erence to an unusually effective banquet 
address of thanks that was delivered on 
behalf of all the visitors by I. O. Emore 
of the Meteorological Service of Ni- 
geria. 


Ghana Academy Established 


Another development that demon- 
strates a rising interest in science in 
Africa is the recent establishment of 
the Ghana Academy of Science and 
Learning. On 27 November Prince 
Philip, Duke of Edinburgh, visited 
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Accra to officially open the new acade- 
my, which was organized at the ini- 
tiative of Prime Minister Kwame 
Nkrumah. Ghana is a newly indepen- 
dent member of the British Common- 
wealth and will change its form of 
government from a monarchy to a re- 
public on 1 July. 

The objectives of the academy are to 
promote study and dissemination of 
knowledge in all fields of science and 
learning, to establish and maintain 
standards of endeavor in these fields in 
Ghana, and to recognize outstanding 
contributions to the advancement of 
science and learning in Ghana. The 
new organization has 20 members. The 
Duke of Edinburgh has agreed to serve 
as president for the first 2 years; Prime 
Minister Nkrumah is chairman. 


First Federal Congress Scheduled 


Still another evidence of increased 
scientific activity in Africa is the or- 
ganization of the First Federal Science 
Congress, a meeting of international 
scope that is to be held at the University 
College of Rhodesia and Nyasaland, 
Salisbury, Southern Rhodesia, 17-21 
May. Salisbury is the capital of. the 
Federation of Rhodesia and Nyasaland, 
which consists of Northern Rhodesia 
and Nyasaland, protectorates, and 
Southern Rhodesia, a_ self-governing 
colony. This is the first congress of its 
kind to be held within the boundaries 
of the federation; it is being supported 


by the scientific societies and associa- 
tions in the federation, as well as by 
the larger industrial and mining or- 
ganizations. 

The theme of the congress is “Science 
in Central Africa.” There will be three 
sections, one in the physical sciences, 
including geology, meteorology, and 
engineering; one in the biological sci- 
ences, including medicine and agricul- 
ture; and one in the social sciences, 
including pre-history and archeology. 

More detailed information may be 
obtained from the secretary general of 
the congress, Dr. D. F. Mettrick, Uni- 
versity College of Rhodesia and Nyasa- 
land, Private Bag 167H, Salisbury, 
Southern Rhodesia. 


United States Aid Increasing 


The United States is just beginning 
to make substantial contributions to the 
training of African scientists. A 
Weather Bureau spokesman says that 
of the 182 people who have come to 
this country during the last 10 years 
to be trained in meteorology under gov- 
ernment auspices, only seven were from 
Africa, although meteorology, because 
of its bearing on agriculture, is one of 
Africa’s most important sciences. He 
indicated that this proportion was prob- 
ably typical for other fields of science. 

Figures released by the Institute of 
International Education on public and 
private United States support of foreign 
scholars show that although the number 
of visiting African faculty members in 
all fields rose between 1957 and 1959, 
the rise was only from 24 to 42. The 
majority of these faculty members were 
scientists, as indicated by the following 
breakdowns (the first figure is for 1957, 
the second for 1959): agriculture—0, 
2; business administration—2, 3; edu- 
cation—1, 2; engineering—1l, 7; hu- 
manities—S5, 6; medicine—4, 6; natural 
and physical sciences—4, 11; social 
sciences—7, 5. 

African students in this country in 
1957 totaled 1424; 170 of these were 
in the medical sciences, 213 in the 
physical and natural sciences, and 48 
in sociology, psychology, and social 
work. In 1959 the over-all figure rose 
to 1735; there were 165 in the medical 
sciences, 252 in the physical and 
natural sciences, and 65 in sociology, 
psychology, and social work. 

Although they show some increases, 
the numbers are small, especially when 
the figures are compared, for example, 


with those for the Near and Middle 
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East, a somewhat similar area. In 1957 
there were 65 faculty members from 
the Near and Middle East in this coun- 
try and 5243 students; the 1959 totals 
are 132 faculty members and 6619 
students. 





House Committee to Provide 
Forum for Scientists 


A group of scientists has been invited 
to use a congressional committee as a 
forum in which they can present their 
ideas. Chairman Overton Brooks (D- 
La.) of the House Committee on Sci- 
ence and Astronautics reports that 12 
scientists and engineers have agreed to 
serve on a science advisory panel to aid 
the committee in its work. The mem- 
bers of the panel will meet with the 
committee once or twice a year. 

The Science and Astronautics Com- 
mittee, which is entering its second year 
of operation, is the first committee in 
Congress to be devoted to science in 
general. In announcing the new ad- 
visory group, Brooks said: 

“It is unfortunately true that too 
many times scientists with important 
ideas that would help advance the in- 
terests of the United States and man- 
kind in general have been unable to 
find anyone to listen to them. Theirs 
have been, on too many occasions, 
voices in the wilderness. 

“Now, through this panel, we shall 
make available to them a public forum 
in which they can be heard. If their 
proposals have merit, and I am confi- 
dent they will, the Committee will give 
them the utmost consideration and, if 
necessary, enact such legislation as is 
required to carry them out.” 


Panel Members Named 


The members of the advisory panel, 
the fields in which they specialize, and 
their affiliations are as follows: Edward 
J. Baldes, biophysics, senior consultant, 
Mayo Clinic; Clifford C. Furnas, 
chemical engineering, chancellor of the 
University of Buffalo; Martin Goland, 
applied mechanics, Southwest Research 
Institute, San Antonio, Tex.; W. Al- 
bert Noyes, Jr., general chemistry, Uni- 
versity of Rochester; Clarence P. Oliver, 
genetics and zoology, University of 
Texas; Sverre Petterssen, meteorology, 
University of Chicago; Roger Revelle, 
geophysics and oceanography, director, 
Scripps Institution of Oceanography, 
University of California, La Jolla; 
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Richard L. Russell, geology, Louisiana 
State University; H. Guyford Stever, 
aeronautical engineering, Massachu- 
setts Institute of Technology; James A. 
Van Allen, nuclear physics and cosmic 
rays, State University of Iowa; Fred 
L. Whipple, astronomy, director, Astro- 
physical Observatory, Smithsonian In- 
stitution, Cambridge, Mass.; and Mau- 
rice J. Zucrow, jet propulsion, Purdue 
University. 





Canada’s Oceanographic Research 
To Be under New Committee 


The Canadian Government has set 
up a committee to coordinate and direct 
its work in oceanography and to rep- 
resent the government internationally 
in the field of oceanographic research. 
In a move to insure that Canadian re- 
search in oceanography is carried out 
on an integrated basis and, at the same 
time, to maintain the necessary interna- 
tional liaison with other countries doing 
similar research, the Canadian Govern- 
ment has reorganized its Joint Commit- 
tee on Oceanography and renamed it 
the Canadian Committee on Oceanog- 
raphy. 

Federal agencies interested in ocean- 
ography are the Royal Canadian Navy, 
the Fisheries Research Board, the De- 
partment of Mines and Technical Sur- 
veys, the Defence Research Board, the 
National Research Council, and the 
Meteorological Branch and ihe Marine 
Services of the Department of Trans- 
port. The new committee will comprise 
representatives from these agencies as 
well as from universities interested in 
this field of work. W. E. van Steen- 
burgh, director general of scientific 
services of the Department of Mines 
and Technical Surveys, has been se- 
lected chairman of the new commit- 
tee, and H. B. Hachey of the Fisheries 
Research Board has been named secre- 
tary. 

Growing awareness throughout the 
world of the vital current importance 
of oceanographic research has focused 
attention on the necessity for such re- 
search in countries like Canada, which 
possess long coast lines and extensive 
continental shelves. More recently, 
Canada’s need for a national committee 
empowered to represent the government 
on international committees has been 
evident. In particular, the new com- 
mittee will represent Canada at the 
Special Conference on Oceanographic 


Research (SCOR) of the International 
Council of Scientific Unions and on the 
NATO Scientific Committee on Ocean- 
ographic Research. 

The reorganization of the Canadian 
Committee on Oceanography, by pro- 
viding better coordination of federal 
activities in this field with the work of 
the universities, will give added impetus 
to Canada’s program in oceanography. 
A major feature of this program is the 
establishment on the east coast, under 
the Department of Mines and Tech- 
nical Surveys, of a $3-million oceano- 
graphic institute, to be known as the 
Bedford Institute of Oceanography. The 
new institute, which will have facilities 
for study in any phase of the science, 
is being built in Bedford Basin near 
Halifax. Construction will take 5 years. 
When the institute is in operation it 
will have a staff of some 300 oceanog- 
raphers, hydrographers, submarine geol- 
ogists, geophysicists, and other scien- 
tific personnel, plus supporting staff, 
and an operating fleet of ten oceano- 
graphic and hydrographic vessels. 

William M. Cameron, leading Cana- 
dian authority on oceanography and 
director of plans of the Defence Re- 
search Board, will direct the expand- 
ing oceanographic research program of 
the Department of Mines and Techni- 
cal Surveys. He will have charge of the 
over-all development of the new Bed- 
ford Institute. 

The Fisheries Research Board and 
the Department of Mines and Techni- 
cal Surveys will completely coordinate 
their oceanographic activities on the 
east coast; the physical oceanographers 
of the Fisheries Research Board will be 
housed in the institute, while the board’s 
biological research activities will con- 
tinue to be located at St. Andrews, 
New Brunswick. 

A multi-million-dollar shipbuilding 
program will provide the fleet of ves- 
sels. The first of these, the $7-million 
C.G.S. Hudson, is expected to be com- 
missioned in 1961. 

On the west coast, Canadian ocean- 
ographic investigations are carried out 
by the Pacific Oceanographic Group of 
the Fisheries Research Board; this 
group will maintain close liaison with 
the committee. 

In the Arctic, Canada has already 
initiated a broad program of research 
along the hundreds of miles of con- 
tinental shelf that comprise the rim 
of the Arctic Basin. One phase of the 
study deals with the oceanography of 
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the Arctic Ocean and the main chan- 
nels between the islands. The project, 
known as the Polar Continental Shelf 
Project, is also being handled by the 
Department of Mines and Technical 
Surveys. 

The original Joint Committee on 
Oceanography came into formal exist- 
ence in April 1946, to continue the co- 
operative work on the oceans carried 
on between agencies of the federal gov- 
ernment during World War II. Reor- 
ganization of the committee as the 
Canadian Committee on Oceanography, 
with national status, is indicative of the 
marked broadening of Canadian inter- 


est in oceanography both at home and 
abroad. 


Academy Report Stresses Need 
for Scientific Experimentation 
in Quest of Weather Control 


If we are ever to succeed in our 
efforts at weather modification we must 
first change our methods of experi- 
mentation, states a report issued re- 
cently by the National Academy of 
Sciences—National Research Council. 
The report observes that many scien- 
tists regard the atmosphere as a natural 
resource of great magnitude. But, the 
report continues, present efforts to gain 
the basic knowledge needed to exploit 
this resource are small compared to the 
benefits to be gained from such use. 

In stressing the need for fundamental 
understanding of atmospheric processes, 
the report distinguishes between experi- 
ments designed to produce basic data 
and experiments designed to produce 
rainfall. Acknowledging that cloud- 
seeding efforts during the past decade 
have contributed to our knowledge of 
weather phenomena, the report notes 
that they have also led to many “false 
starts” and that “the economic value 
of obtaining even a small degree of con- 
trol over rainfall has created undesir- 
able pressures which have tended to 
dilute the scientific quality of some 
weather-modification experiments.” 

The meeting on which the report is 
based was “The Skyline Conference on 
the Design and Conduct of Experi- 
ments in Weather Modification,” organ- 
ized by the Academy—Research Coun- 
cil’s Division of Mathematics, which is 
under the chairmanship of Samuel S. 
Wilks, professor of mathematics, 
Princeton University. Thirty-one mete- 
orologists and statisticians from the 
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United States, Canada, and Australia at- 
tended the conference 1-3 May 1959, 
at Big Meadows Lodge, Shenandoah 
National Park, Va. The conference was 
initially suggested by Earl G. Droessler, 
director of the National Science Foun- 
dation’s Atmospheric Sciences Program, 
which provided financial support. 

The conferees found strong scientific 
reasons, apart from considerations of 
immediate economic gain, for con- 
centrating initial research along the 
lines of precipitation control. These 
reasons include the possibility that in 
such research might be found the key to 
an understanding of energy balance in 
weather systems. Such a key would 
provide man with the ability to control 
not only rain and snow but also hail, 
lightning, and violent storms. 


Other Problems 


In addition to its comments on cloud- 
seeding and the inclusion of a com- 
pendium of the best known and most 
important weather-modification experi- 
ments undertaken in the last decade, the 
report makes the following points. 

1) Laboratory and _ field studies 
should be carried out by individual re- 
searchers or small groups of scientists. 
Although such projects will be largely 
of an exploratory nature, the results, 
if promising, can be subjected to large- 
scale experimentation and _ statistical 
analysis. There is need for experiments 
to determine, for example, the relation 
between lightning and cloud-top tem- 
perature or to determine easily measured 
cloud parameters in various types of 
clouds, need for cloud-modification pro- 
grams involving small geographical 
areas or individual clouds. 

2) Statisticians must be enlisted to 
work with meteorologists as collabora- 
tive weathermen. In his foreword to the 
report, Wilks says: “The degree of suc- 
cess so far achieved by various research 
programs in weather modification is, in 
large measure, due to detailed and 
skilled analysis of the data which com- 
bines sound statistical technique and 
enlightened meteorological insight.” 

3) Where effective cooperation exists 
between meteorologists and statisticians, 
in universities and research institutions, 
it should be strengthened. Where only 
one group exists or is effective, the 
other should be created or bolstered. 
Fellowship programs should be estab- 
lished to encourage young scientists to 
enter these areas. Summer study groups, 
summer institutes, conferences, and 


seminars are needed for meteorologists, 
statisticians, and other scientists inter- 
ested in weather modification. 

4) Very few experiments thus far 
conducted in the United States have 
been carried out over a long enough 
time span. None, for example, can 
match the Australian Snowy Mountain 
project that began in 1955 and is still 
continuing. Most field experiments must 
be operated for several years if they 
are to yield enough information to be 
conclusive. At the same time, they 
should be conducted to yield informa- 
tion on a number of questions. 

5) Experiments must be repeated in 
space as well as in time. Related to 
this requirement is the need for im- 
proved measurements, improved instru- 
mentation, and _ standardized termi- 
nology. Meteorological categories such 
as “storm,” “cloud suitable for seeding,” 
and “day suitable for seeding,” for ex- 
ample, must be objectively defined. 

6) Basic research programs in atmos- 
pheric physics, chemistry, and electric- 
ity should be considerably augmented. 
Laboratory studies should extend into 
such areas as solid-state physics, crys- 
tallography, surface chemistry, and elec- 
tron microscopy. Basic studies should 
also be conducted on specific weather 
systems, such as shower clouds, clouds 
influenced by mountains, hailstorms, 
lightning storms, and cyclonic systems. 





Grants, Fellowships, and Awards 


Anthropology. Two resident research 
fellowships, to be known as the Ogden 
Mills fellowships, are to be awarded 
annually by the department of anthro- 
pology of the American Museum of 
Natural History, New York City. The 
fellowships are intended for anthro- 
pologists who might benefit from a 
year at the museum, through having 
access to the anthropological collections, 
the library, and other facilities of the 
museum and through working in con- 
junction with members of the curatorial 
staff. There is no specific limitation on 
the kind of anthropological research 
that may be done under these fellow- 
ships, but preference will be given to 
those applicants who can make use of 
the museum’s collections and archives 
(unpublished field notes, films, sound 
recordings, and so forth) either in the 
elaboration of special studies or in con- 
nection with research that they, or 
members of the curatorial staff, may 
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have under way. These fellowships are 
not intended for the support of field 
work, but it is possible that such ac- 
tivities may occasionally be included. 

Candidates who have recently re- 
ceived their doctoral degrees will be 
given preference, but there are no rigid 
requirements in terms of age, sex, de- 
grees, or academic background. Selec- 
tions will be made by the staff of the 
department of anthropology, and the 
right is reserved to withhold the award 
of fellowships in any given year. 

The period of the fellowships is for 
1 year, beginning 15 June; the stipend 
is $5000. The first awards will be made 
for the year 1960-61. 

Applications should include a full 
curriculum vitae, a letter describing the 
candidate’s research aims, and support- 
ing references. Applications should be 
submitted before 1 March to Dr. Harry 
L. Shapiro, Department of Anthro- 
pology, American Museum of Natural 
History, New York 24, N.Y. 

Chemistry. The Division of History 
of Chemistry of the American Chemical 
Society is now asking for nominees to 
be considered for the 1960 Dexter 
Award in the history of chemistry, 
which is administered by the division. 
The award is made on the basis of serv- 
ices which have advanced the history 
of chemistry, such as the following: 
publication of an important book or 
article; furtherance of the teaching of 
the history of chemistry; significant 
contributions to the bibliography of the 
history of chemistry; or meritorious serv- 
ices over a long period of time which 
have resulted in the advancement of the 
history of chemistry. 

All information, in duplicate, should 
be sent by 10 March to the secretary of 
the Division of History of Chemistry, 
Sidney M. Edelstein, Dexter Chemical 
Corporation, 845 Edgewater Rd., Bronx 
59, N.Y. 

Nephrology. A grant to provide travel 
funds for participants in the First Inter- 
national Congress of Nephrology, to be 
held in Geneva, Switzerland, 1-3 
September, has been awarded by the 
U.S. Public Health Service to the 
American Society for Clinical Investiga- 
tion. Members and nonmembers are 
eligible to apply for the funds, which 
are sufficient to send 20 people to the 
meetings. Applications should include, 
in quadruplicate, a curriculum vitae and 
a letter of application stating the basis 
for the applicant’s interest in the field 
and in the congress. Applications should 
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be sent before 1 March to Saul J. 
Farber, Secretary, American Society for 
Clinical Investigation, New York Uni- 
versity College of Medicine, 550 First 
Ave., New York 16, N.Y. 

Nutrition. The National Vitamin 
Foundation wishes to bring to the at- 
tention of those engaged in clinical and 
basic research in the field of nutrition, 
biochemistry, and metabolism its cur- 
rent interest in the support of research, 
preferably on man, most likely to ad- 
vance understanding of the diverse 
metabolic functions of the vitamins. 
The foundation wishes to encourage re- 
search on vitamin nutrition and metabo- 
lism in the areas of (i) mental health 
and (ii) side-reactions to drugs, and 
it invites applications for grants in sup- 
port of such research. 

Announcement of the new research 
interests of the foundation should not 
be interpreted as eliminating considera- 
tion of applications for grants-in-aid of 
research on other aspects of vitamin 
metabolism and nutrition. Application 
forms may be obtained from the offices 
of the foundation at 149 E. 78 St., New 
York 21, N.Y. The foundation takes 
action on applications twice each year, 
in the spring and fall. For grants to be 
effective on 1 July, applications should 
be mailed before 2 March; for January 
grants, applications should reach the 
foundation by 1 September. 


News Briefs 


Earthquake engineering. The second 
World Conference on Earthquake En- 
gineering will take place 11-18 July 
1960 in Tokyo and in Kyoto, Japan. 
The Science Council of Japan, a gov- 
ernmental organization, is organizing 
the conference with the cooperation of 
the Japan Society of Civil Engineers, 
the Architectural Institute of Japan, 
and the Seismological Society of Japan. 
For information, write to Professor 
Kiyoshi Muto, Chairman, Organizing 
Committee, Second World Conference 
on Earthquake Engineering, Science 
Council of Japan, Ueno Park, Taito- 
ku, Tokyo, Japan. 

* x at 

Chemical index. Index Chemicus, a 
monthly index to 50,000 new chemicals 
reported each year in the scientific 
literature, will be published by Eugene 
Garfield Associates, 1122 Spring St., 
Philadelphia. The first issue will appear 
early in 1960. New compounds will be 


reported in the index within 30 days 
after original publication in the scientific 
literature. 

we * & 

Vulcanology program. A program in 
vulcanology, geochemistry, and petrol- 
ogy is being organized for the Helsinki 
meeting of the International Union of 
Geodesy and Geophysics, to be held 25 
July—6 August. Symposia on geochronol- 
ogy, high-pressure chemistry, isotope 
geology, and atmospheric chemistry, as 
well as a general program in geochemis- 
try and petrology, will be included. For 
information write to Irving Friedman 
(U.S. Geological Survey, Washington 
25), secretary of the Section of Vulcan- 
ology, Geochemistry, and Petrology, 
American Geophysical Union. 

* % 7% 

Overseas library. The U.S. Informa- 
tion Agency has assembled a small li- 
brary containing 30 of the best available 
American paperbacks in the fields of 
science and technology as a simple and 
inexpensive means of providing over- 
seas readers with information. The 
agency has ordered 500 of these “pack- 
age” bookshelves, which will be avail- 
able on loan to educational institutions, 
science clubs, and other groups. 

* a Bo 

Biology news. The American Insti- 
tute of Biological Sciences has an- 
nounced establishment of the Biology 
News Bureau as a new activity to serve 
biologists and professional organiza- 
tions in the biological sciences. The new 
AIBS unit has the assignment of smooth- 
ing the flow of information between the 
biological professions and the public. 

Harold F. Osborne has been named 
director of the bureau. Osborne former- 
ly was a science writer for the Seattle 
Times, an editor and correspondent for 
the Associated Press, and a member of 
the information staff of the Veterans 
Administration. The Biology News Bu- 
reau has offices at AIBS headquarters, 
2000 P St., NW, Washington 6, D.C. 

* oo os 

Nutrition certification. The American 
Board of Nutrition will hold the next 
examinations for certification as a spe- 
cialist in human nutrition during the 
week of 11-15 April in Chicago, Il. 
Application forms, which must be sub- 
mitted before 1 March, may be obtained 
from the secretary, Robert E. Shank, 
Department of Preventive Medicine, 
Washington University School of Medi- 
cine, Euclid and Kingshighway, St. 
Louis, Mo. 
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Scientists in the News 


The three Monograph Prizes, inaugu- 
rated last year by the American Acad- 
emy of Arts and Sciences, have been 
announced for 1959. The awards, of 
$1000 each, were presented for unpub- 
lished monographs. 

Walter H. Munk and Gordon J. Mac- 
Donald of the University of California 
won the physical and biological sciences 
prize for their geophysical discussion of 
the rotation of the earth. 

Lawrence ©. Fouraker and Sidney 
Siegel of Pennsylvania State University 
received the social science award for a 
manuscript on bargaining and group 
decision making. 

William P. Malm of Los Angeles won 
the humanities prize for his exposition 
of Japanese Nagauta music. 


Barbara Fish has been appointed as- 
sociate professor of clinical psychiatry 
at New York University College of 
Medicine and psychiatrist-in-charge of 
the Children’s Service of Bellevue 
Hospital Center. Formerly she was as- 
sistant professor of clinical pediatrics 
and instructor in psychiatry at Cornell 
University Medical College. 


Henry V. Howe, director of the 
School of Geology at Louisiana State 
University, will receive the Sidney Pow- 
ers Memorial Medal for his work in 
general geology, stratigraphy and micro- 
paleontology on 26 April at a meeting 
of the American Association of Petro- 
leum Geologists in Atlantic City, N.J. 


G. Fred Somers has returned to the 
University of Delaware after a year’s 
leave, during which time he was visit- 
ing professor at the College of Agricul- 
ture, University of Philippines (Los 
Banos). At the University of Delaware 
he has been appointed chairman of the 
department of biological sciences, 
School of Arts and Sciences. 


Victor C. Twitty, executive head of 
the department of biological sciences of 
Stanford University, has been elected 
president of the Western Society of 
Naturalists. He succeeds Herbert L. 
Mason of the University of California. 


Heinz A. Lowenstam, professor of 
paleoecology at California Institute of 
Technology, will discuss skeletel prop- 
erties and paleoecology as a Sigma Xi 
national lecturer at a number of col- 
leges and universities, from 8 February 
to 4 March. 
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Paul A. di Sant’Agnese has been 
named director of research in cystic 
fibrosis, celiac diseases, and allied dis- 
orders at the National Institute of Arth- 
ritis and Metabolic Diseases, Bethesda, 
Md., and clinical professor of pedia- 
trics at Georgetown University Medical 
School. He was formerly on the staff at 
Babies and Presbyterian hospitals in 
New York City and assistant professor 
of pediatrics at Columbia University 
College of Physicians and Surgeons. 


Louis E. Wise of the Institute of 
Paper Chemistry will receive the 1960 
medal of the Technical Association of 
the Pulp and Paper Industry, in Feb- 
ruary. 


Morris Cohen of the National Re- 
search Council, Ottawa, Canada, will 
receive the Willis Rodney Whiting 
Award of the U.S. National Association 
of Corrosion Engineers in Dallas, Tex., 
on 14 March for his work on the physi- 
cal chemistry of corrosion. 


Harold W. Mohrman, director of re- 
search-associated interests for the plas- 
tics division of Monsanto Chemical Co., 
has become director of research for 
the company’s overseas division. He 
will coordinate the research of the com- 
pany’s foreign subsidiaries and affiliates 
with research of its domestic labora- 
tories. 


Henry J. Gomberg, assistant director 
of the Phoenix project of the University 
of Michigan since 1951, has been ap- 
pointed director of the project—the 
university’s research program in the 
peaceful uses of atomic energy. He suc- 
ceeds Ralph A. Sawyer, vice president 
for research and dean of the graduate 
school. 


Edwin S. Burdell, who will retire from 
the Cooper Union for the Advancement 
of Science and Art with the title of 
president emeritus, on 29 February, 
will become president of the Middle 
East Technical University of Ankara, 
Turkey, on 15 March. The United Na- 
tions Educational, Scientific, and Cul- 
tural Organization invited him to ‘ac- 
cept this position. He is to organize the 
English-language institution into a learn- 
iag center similar to an American land- 
grant college. 

At Cooper Union he incorporated the 
humanities and social sciences into the 
curricula of the School of Engineering 
and the Art School and strengthened 
the free adult education program. 


William C. Leone, manager of the 
industrial systems division of Rheem 
Manufacturing Co., has been named 
vice president and general manager of 
Rheem Califone Corp., Los Angeles, 
Calif. 


Recent Deaths 


Ivan P. Bardin, Moscow, U.S.S.R.; 
76; vice president of the Soviet Acad- 
emy of Sciences; chairman of the Soviet 
committee for the International Geo- 
physical Year; pioneer in developing 
the Soviet steel industry. 

John L. Bremer, Boston, Mass.; 85; 
Hersey professor emeritus of anatomy 
at Harvard Medical School; researcher 
on the relationship of embryonic de- 
velopment to infant malformation; 25 
Dec. 

Alexander W. Evans, New Haven, 
Conn.; 91; emeritus Eaton professor of 
botany and curator of the Eaton Her- 
barium at Yale University; specialist in 
lichens and the Hepaticae; 6 Dec. 

Cyrus E. French, White Plains, N.Y.; 
44; chief of nutrition for the United 
Nations Children’s Fund; former pro- 
fessor of nutrition at Pennsylvania State 
University; 3 Jan. 

Aaron Himmelstein, New “York, 
N.Y.; 45; cardiovascular surgeon; as- 
sociate professor of surgery at Columbia 
University College of Physicians and 
Surgeons; contributer to cardiac-cathe- 
ter research; 18 Dec. 

Robert H. Oster, Baltimore, Md.; 58; 
professor of physiology at the University 
of Maryland School of Dentistry, where 
he helped establish the electroencephalo- 
graph laboratory; 2 Jan. 

Lewis Pokras, New Hyde Park, N.Y.; 
43; associate professor of chemistry at 
the Polytechnic Institute of Brooklyn; 
specialist in the chemistry of complex 
ions in water solutions; 24 Dec. 

Edward Weiss,. Philadelphia, Pa.; 64; 
pioneer in psychosomatic medicine; 
professor of clinical medicine at Tem- 
ple University’s School of Medicine; 
research director of the psychosomatic 
research fund of the National Commit- 
tee on Mental Hygiene; 13 Jan. 


Erratum: In the report, “All-female strains of 
teleost fishes of the genus Poeciliopsis” by R. R. 
Miller and R. J. Schultz [Science 130, 1656 
(1959)], the first names cited in references 3 and 
4 are incorrect. The citation in reference 3 should 
have been C. Hubbs; that in reference 4 should 
have been C. L. Hubbs. 

Erratum: In the April 1960 list of Forthcom- 
ing Events [Science 131, 169 (15 Jan. 1960)], 
the date of the symposium on microbial reac- 
tions in marine environments is given incor- 
rectly as 20-24 April 1960. This symposium is 
being held in 1961. 
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Book Reviews 


Radiation, Genes, and Man. Bruce 
Wallace and Th. Dobzhansky. Holt, 
New York, 1959. xii + 205 pp. Illus. 
$3.50. 


Over the past five years there have 
been frequent public debates by scien- 
tists about the damaging consequences 
of the exposure of our store of human 
genes to atomic radiations. The emo- 
tions aroused, to say nothing of the 
seemingly contradictory statements 
made, have probably left more people 
confused than were left either reassured 
or with heightened apprehension. This 
confusion is partly because there are 
many sources of such radiation, and it 
is not clear to most persons whether 
the damage is greater from medical and 
dental exposures, from industrial haz- 
ards, or from the fallout occurring after 
the testing of nuclear weapons. Con- 
fusion is even more definitely attribut- 
able to the fact that different “authori- 
ties,” in good conscience, can speak 
reassuring words or raise their voices 
in alarm, when looking at the same 
facts. And it is partly because there 
are sO many gaps in our present scien- 
tific knowledge of how much radiation 
we are exposed to, internally and ex- 
ternally, how many mutations might 
result, how harmful these mutations 
might be, on the average, and what the 
consequences are to an entire popula- 
tion, as well as to particular individuals, 
from a given degree of exposure. Two 
well-known geneticists, Bruce Wallace, 
of Cornell University, and Theodosius 
Dobzhansky, of Columbia University, 
have set out to clarify these matters for 
the general, nonscientific reader. No two 
persons could in all respects—scientific 
knowledge of these matters, ability to 
write clearly and interestingly, and 


their own participation in the explora- 
tion of these questions—be better quali- 
fied to perform such a task. 

The book, however, quickly exposes 
the dilemma which faces everyone who 
undertakes to explain about the genetic 
hazards of nuclear radiations. The first 
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five chapters, which provide the neces- 
sary general background of the subject, 
are as elegant and clear a statement as 
could be desired. The titles of these 
chapters sufficiently indicate their con- 
tent: “Atomic energy—friend or foe?”; 
“Heredity, environment, genes and 
chromosomes”; “Spontaneous muta- 
tion”; “Atoms and radiations”; and “In- 
duction of mutation by radiation.” 

Good diagrams and interesting ex- 
amples aid greatly in the exposition of 
the subject. An exception is possibly 
the world map (pages 72-73) which 
attempts to show the heaviness of fall- 
out at different latitudes by the widths 
of shaded bands placed at every 15° of 
latitude from the equator to the poles. 
This representation might lead some 
unwary readers to suppose that fallout 
descends in a peculiar banded pattern, 
since the real meaning of the widths of 
the bands is insufficiently explained. 

By far the most significant part of 
the book is comprised by the next three 
chapters, which are entitled respectively 
“Genes in Mendelian populations,” 
“Genetic effects of radiation on popu- 
lations,” and “Some unsolved prob- 
lems.” Here most readers will find hard 
going. Not that the same care has not 
been given to clear exposition—but the 
subject itself is not easy at first acquaint- 
ance. A certain amount of mathematical 
treatment cannot be avoided. And es- 
pecially, some of the concepts, such as 
“genetic death,” have meanings not to 
be inferred from the ordinary ones. 
Thus, “genetic death” is not the death 
of any person—it is the extinction of 
a gene from the population; and this, 
while it might occur through the death 
of its bearer before it is passed on to 
some child, may also occur because of 
the bearer’s sterility, relative infertility, 
or even because by chance, and chance 
alone, the gene in question fails to be 
handed on to any of the living children 
of the bearer. (The latter is not uncom- 
mon in a species such as ours, where 
the size of the average family is quite 
small.) In spite of all such difficulties, 





the reader must be urged to plow man- 
fully on, for the principles of popula- 
tion genetics explained here are the 
very heart of the matter. 

It is encouraging that Wallace and 
Dobzhansky have not hesitated to tackle 
one of the moot issues involved in the 
assay of radiation-inflicted damage upon 
genes and chromosomes. This is the 
question of whether the human species 
is so highly selected and so well-adapted 
a species that all mutations which cause 
a departure from the “norm” can be 
regarded as unfavorable and are pres- 
ent in human populations only because 
fresh mutations keep replenishing their 
supply as fast as they are eliminated by 
“genetic death,” or whether, on the 
contrary, there are many genes which 
are maintained in human populations 
because when heterozygous (that is, 
when carried in a single dose) they may 
confer some benefit, even though any 
individual who is homozygous for the 
same gene (that is, carries a double 
dose of the mutant) may be at a dis- 
advantage in the process of natural 
selection. A good example is the mutant 
gene for sickle cell hemoglobin, which 
in the double dose produces a severe 
anemia from which the bearers com- 
monly die fairly early in life. But nor- 
mal hemoglobin is more avidly attacked 
by the plasmodium of tertian malaria 
than is sickle hemoglobin, so that in 
areas of Africa where malarial infec- 
tions are severe, almost the only adult 
survivors are persons who have one 
dose of normal hemoglobin and one 
dose of sickle hemoglobin. The major 
question is: how common are such re- 
lationships between alternative sorts of 
genes in the human species? The au- 
thors are well known among geneticists 
as being strong proponents of the latter 
view; while H. J. Muller and others 
strongly advocate the former theory. 

It is greatly to the credit of Wallace 
and Dobzhansky that they discuss this 
question with calmness and balance, 
and do not overadvocate their own 
position. In any case, as they strongly 
emphasize, when it comes to a matter 
of those mutations induced by high- 
energy radiations rather than mutations 
that arise spontaneously, there is every 
reason to regard the mutations as over- 
whelmingly harmful. Atomic radiations 
are not gentle agents. They smash 
chromosomes and mutate genes in a 
far more destructive way than do the 
normal causes of mutation, other than 
the background radiation that none of 
us can altogether escape. 

A question of great importance which 
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the authors discuss is whether a con- 
tinuing heavy exposure to radiations 
may actually cause the extinction of 
human populations, over and above the 
consequences in the form of increased 
numbers of defective individuals. Their 
answer to this question is on the re- 
assuring side. This is because the 400- 
to 500-roentgen dose which is sufficient 
to cause death in half the exposed per- 
sons tends to preclude exposure to the 
very much larger doses it would take 
to extinguish the population because of 
whatever dominant lethal mutations 
might be induced. This conclusion is 
based, however, on the assumption that 
human genes and chromosomes are not 
a great deal more sensitive to radiation 
than those of fruitflies; but this assump- 
tion may be questioned on the basis of 
the observed sensitivity to low doses of 
x-rays of human cells growing in tissue 
culture. It is furthermore too bad that, 
in appraising the total situation, the 
authors have neglected to emphasize the 
relative significance of medical and oc- 
cupational exposures to radiation. The 
treatment becomes focused a bit too 
much on the effects of fallout and pos- 
sible nuclear war, and not on the mul- 
tiplicity of exposures that the nuclear 
age may bring with it. 

Let the last word be one of high 
praise for the efforts the authors have 
made to clarify a debate often marked 
by more heat than light. They bring 
out in their final conclusions the in- 
escapability of making value judgments 
—far more political in nature than sci- 
entific—respecting the relative damage 
done by fallout and the desirability of a 
cessation of weapon testing. They point 
out the deficiencies in our present 
knowledge as well as the fact that radia- 
tion damage to living things is not all 
genetic damage. They take hope in the 
fact that mankind has acquired in its 
evolutionary progression not only a par- 
ticular genetic heritage but also a means 
of passing on knowledge and of growing 
in wisdom through experience. They 
hope, therefore, that our species will 
surmount this threat to its continuance 
even as it has survived the lesser threats 
of the past. Unquestionably, this is the 
finest book yet published in the sharp 
debate over the genetic damage done 
by nuclear radiations. May it have many 
readers, and may each one cope man- 
fully with its difficulties until he con- 
cludes its final page! He will be amply 
repaid. 

BENTLEY GLAss 
Department of Biology, 
Johns Hopkins University 
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This Sculptured Earth: The Landscape 
of America. John A. Shimer. Colum- 


bia University Press, New York, 
1959. xii + 255 pp. Illus. $7.50. 


Americans yearly become more and 
more travel minded, and John Shimer 
has written This Sculptured Earth for 
the increasing legions of men and 
women now criss-crossing the United 
States. 

So this is a travel book. But it will 
not tell the traveler where to find a 
motel with a swimming pool, a gour- 
met’s dinner, or an _ out-of-the-way 
antique shop. It won’t tell the wayfaring 
American the shortest distance from 
here to there. But it will tell him how 
to look at the American landscape. 

As we become a nation of travelers, 
we forget that our landscape has beauty 
and majesty, that it has a past and a 
future, that it can evoke awe and won- 
der, that it can provide inspiration and 
solace. John Shimer is trying to remind 
those of us who have forgotten—and 
tell those of us who have never known 
—that the physical land mass of the 
United States is something more than a 
barrier dividing the Atlantic and Pacific 


& 


i 


Oceans. To Shimer it is a landscape to 
be seen, to be understood, to be appre- 
ciated, to be treasured. 

The author has managed to describe 
and to explain a vast amount of the 
physical geography of this country. Are 
you going to Boston? Then why is there 
a harbor there, and whence came the 
islands that dot the bay? Will you know 
the explanation of the towering Tetons 
as you drive by them on your way to 
Jackson Hole, Wyoming? Or (on a more 
intimate scale) will you understand that 
ridge of hummocky land that you speed 
over on the Indiana Turnpike near South 
Bend? 

Shimer does more than describe. He 
gives us some idea of the vastness of 
time and the complexity of history be- 
hind the American landscape. He even 
gives us, in places, a glimpse of what 
another traveler might see in some far 
future eon. 

The book contains a minimum of 
technical jargon. Needed terms are de- 
fined, and most of these appear again 
in a useful little glossary illustrated with 
neat line drawings by the author’s wife, 
Florence Henry Shimer. Florence Shi- 
mer has also contributed some effective, 
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simple drawings to the text. These sup- 
plement very nicely some 70 photo- 
graphs, many of which are superb. One 
by Laurence Lowry, showing the eastern 
end of Martha’s Vineyard, Chappaquid- 
dick Island, Nantucket Sound, Cape 
Cod, and Massachusetts Bay, is on the 
cover of this issue of Science; another, 
showing the meanders of the White 
River near Edwardsport, Ind., is re- 
produced with this review. 

SHELDON JUDSON 
Department of Geology, 
Princeton University 


Free Associations. Memories of a psy- 
choanalyst. Ernest Jones. Basic 
Books, New York, 1959. 264 pp. $5. 


The author of this book, Ernest 
Jones, was one of the principal con- 
tributors to, and developers of, the 
psychoanalytic theory of personality 
organization and function. This small 
and somewhat fragmentary autobiog- 
raphy was interrupted by his death in 
1958. 

Whatever one’s personal views of 
psychoanalysis as a discipline may be, 
and I am favorably inclined towards it, 
Jones’ somewhat abbreviated autobiog- 
graphy has severe limitations. Perhaps 
some of this reaction has to do with 
the level of expectation with which I 
approached the book and my subse- 
quent disappointment in it. 

It is likely that Jones’ reminiscences 
about his early years will be a matter 
of interest to his intimates and to those 
who attach a sentimental significance 
to him, but they have little to recom- 
mend them to the general reader. Be- 
cause his self-revelations are so frag- 
mentary they do not provide the broad 
view which one would need in order 
to obtain a better understanding of the 
man. While the book is titled Free Asso- 
ciations, unfortunately the content is 
neither free enough to give the reader 
a reasonable sense of the scope of the 
man, nor disciplined enough to give the 
associations an inner coherence. This 
stands in striking contrast to Jones’ 
earlier contributions to the theory and 
practice of psychoanalysis, which are 
marked by his logically consistent and 
definitive style. 

For those who have a particular in- 
terest in the development of psycho- 
analysis as a “movement” (although 
Jones deplored the widespread use of 
this term), the latter part of this book 
has many pertinent historical references. 
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One is impressed by Jones’ enthusiasm 
for the newly developed perspective of 
personality development, and by the 
intensity of his drive to communicate 
the findings to others. The violence of 
his response to views which deviated 
from the classically psychoanalytic ones 
is one of the more remarkable aspects 
to be observed. These responses are 
presented with a degree of candor which, 
while it is hardly one of the more 
flattering aspects of psychoanalysis, 
throws light on the impact of radically 
new ideas in any sphere of science. 
Such new ideas are significant, among 
other ways, both as things in themselves 
and as disrupters of the usually defini- 
tive social hierarchy within a given 
field of endeavor. Then, of course, as 
the new system of ideas becomes in- 
trenched, it in turn establishes its own 
hierarchal structure. 

SAMUEL NOVEY 
Baltimore, Maryland 


Handbuch der Physik. vol. 44, Nuclear 
Instrumentation, I. S. Fliigge, Ed. 
Springer, Berlin, 1959. vii + 473 pp. 
Illus. DM. 125, 


“Nuclear Instrumentation on a Grand 
Scale” would be an appropriate title 
for volume 44 of the Handbuch der 
Physik, which is titled simply Nuclear 
Instrumentation, 1. The articles con- 
tained here describe the major pieces 
of nuclear physics instrumentation, the 
heavy machines most commonly as- 
sociated with modern experimental 
physics. 

One does not blindly set out to build 
devices such as are described in these 
eight articles, and as a consequence, 
the most interested reader will already 
be familiar with the general theoretical 
discussions presented here. It is the 
specific comments about specific ma- 
chines that make these articles most 
lively; the lore of machine building is 
well represented in this volume of the 
Handbuch. 

The first article, by E. Baldinger, 
presents a thorough treatment of recti- 
fication circuits and then discusses cas- 
cade generators. R. G. Herb’s discus- 
sion of Van de Graaff accelerators con- 
tains some sage advice for the would-be 
builders of such machines who would 
also like to work in experimental phys- 
ics: “A faithful copy of a generator 
that is operating can be safely pre- 
dicted in regard to performance.” And 
conversely! 


The magnetic accelerators—cyclo- 
trons and synchrocyclotrons, electron 
synchrotrons, and betatrons—are dis- 
cussed by Bernard L. Cohen, Robert R. 
Wilson, and Donald W. Kerst. Cohen’s 
article contains an interesting tabula- 
tion of the characteristics of a large 
number of cyclotrons and an excellent 
treatment of the theory and the head- 
aches (the practice) of cyclotron con- 
struction and operation. 

George K. Green and Ernest D. 
Courant (Brookhaven National Lab- 
oratory), have written a monumental 
article on proton synchrotrons; they 
draw heavily on the experience with 
the Brookhaven, University of Califor- 
nia Radiation Laboratory, Birmingham, 
and Dubna machines. The design fea- 
tures of the alternating gradient syn- 
chrotrons at Brookhaven National Lab- 
oratory and at the laboratory of the 
European Organization for Nuclear 
Research (CERN) are outlined. The 
latter is now in operation. 

Linear accelerators—electron, pro- 
ton, and heavy ion—are discussed by 
Lloyd Smith. An article by D. J. 
Hughes contains selected topics on re- 
actor techniques of particular interest 
to nuclear physicists. 

Very little of the material in these 
articles will interest those experienced 
in the design and operation of “his 
machine,” except for comparison pur- 
poses. These articles will be of great 
use to those who wish to be brought 
up to date on machines with which 
they are not well acquainted. 

JoHN D. Fox 
Department of Physics, 
Florida State University 


The Gentle Art of Mathematics. Dan 
Pedoe. Macmillan, New York, 1959. 
143 pp. Illus. $3.50. 


This is a book for the intelligent 
layman who wants to know something 
about modern mathematics and is will- 
ing to work a little to attain this 
knowledge. It starts out entertainingly 
enough with a discussion of mathemati- 
cal games. These are used to acquaint 
the reader with number systems other 
than the familiar decimal system, al- 
though their use in electronic com- 
puters is not even mentioned. The next 
chapter discusses the theory of prob- 
ability and its many opportunities for 
paradox. More paradoxical ideas are 
introduced in the following chapter, 
which discusses infinity and introduces 
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transfinite numbers. At this point, a 
breathing spell is offered with a rather 
trivial chapter on logic. But the author 
returns shortly to serious mathematics 
with a discussion of various topics in 
topology. Abstract algebra is then in- 
troduced, with an aside on the esthetics 
of mathematical symmetry, and this is 
followed by a discussion of infinite 
series. The foundations and essentials 
of mathematics are examined in the 
concluding chapters. 

Although there is some new material, 
presented rather pleasantly, one has the 
impression that he has seen most of this 
before in some other popular treatment 
of mathematics. In addition, there are 
other failings; these include a very de- 
tailed table of contents that promises 
more than it delivers and several errors, 
some rather serious. Thus, the explana- 
tion of when one class has a greater 
transfinite number than another class 
(page 58) omits a crucial clause, and 
the discussion of bracketing in infinite 
series (page 126) is slightly misleading. 
Finally, I wonder how insulted the peo- 
ple at the University of North Carolina 
will be by his statement that extra- 
sensory perception is investigated there, 
instead of at neighboring, rival Duke. 

PHILIP RABINOWITZ 
Weizmann Institute of Science, 
Rehovoth, Israel, and National 
Bureau of Standards, Washington, D.C. 


Fresh-Water Biology. Henry Baldwin 
Ward and George Chandler Whip- 
ple. W. T. Edmondson, Ed. Wiley, 
New York; Chapman and Hall, 
London, ed. 2, 1959. xx + 1248 pp. 
Illus. $34.50. 


Perhaps no field and _ laboratory 
identification manual in the English 
language has been so widely used as 
the original edition (1918) of “Ward 
and Whipple.” Our knowledge of fresh- 
water invertebrates has increased so 
markedly, however, especially during 
the past 25 years, that this complete 
revision is long overdue. The general 
organization of the first edition has 
been followed; that is, each chapter is 
written by a specialist and is devoted 
to a particular taxonomic group. The 
material consists mainly of illustrated 
keys to those fresh-water forms found 
north of the Rio Grande. Beyond in- 
troductory remarks, little space is usu- 
ally devoted to a consideration of the 
biology of the groups discussed. De- 
pending on the complexity of the group 
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and the degree to which it is known 
in North America, each key is usually 
carried to either genus or species. The 
former situation, for example, applies 
to the Protozoa, Bacteria, Fungi, most 
of the Algae, Nemata, Rotifera, In- 
secta, Acari, and Bryophyta. The latter 
arrangement includes such groups as 
the Myxophyceae, Porifera, Gastro- 
tricha, Bryozoa, Tardigrada, Oligochae- 
ta, Hirudinea, Crustacea, and com- 
mon vascular plants. 

Most of the 46 chapters contain 
many fresh illustrations, but for the 
Rhizopoda, Actinopoda, Porifera, 
Nemata, Oligochaeta, Hirudinea, Cla- 
docera, and Mollusca the majority of 
the illustrations are those of the first 
edition (reproduced, apparently, from 
the old, worn plates). There are no 
halftones. 

Although the editor, W. T. Edmond- 
son, has done.a good job of reconcil- 
ing the inequalities in style, emphasis, 
illustration, and conviction of the con- 
tributors, there are important differ- 
ences in the level of usefulness of the 
various presentations. 

Many readers will be disappointed 
to find that vertebrates and internal 
parasites are not included, but, on the 
other hand, new and excellent chapters 
on the Fungi, Tardigrada, Polychaeta, 
and Bryophyta have made their ap- 
pearance. In addition, the chapters on 
aquatic insects have been greatly ex- 
panded, although they no longer include 
terrestrial adult forms having immature 
aquatic stages. Other taxonomic groups 
given greatly revised and expanded 
treatment are Bacteria, Algae, Proto- 
zoa, Gastrotricha, phyllopods, Ostra- 
coda, Copepoda, Malacostraca, Acari, 
and rooted aquatics. The brevity of 
the final chapter, on “Methods and 
equipment,” however, is regrettable. 
There appear to be very few typo- 
graphical errors. 

The editor has been intentionally 
conservative in making up the index, 
but many biologists will feel that this 
is a serious error. The following terms, 
for example, are used in the text and 
keys but are not to be found in the 
index: birotulate, cingulum, crawling 
water beetles, microsclere, operculum, 
paralabial plate, theca, trichocyst, tro- 
chus, water tiger, and whirligig beetle. 

Although specialists will disagree on 
matters of emphasis and taxonomy, 
there will be no argument as to the 
care and labor involved in the prepara- 
tion of this book. Edmondson has done 
aquatic biology a great service in pro- 
viding direction and stimulus for 50 


other specialists in the preparation of 
the compilation, and in editing their ef- 
forts. 

The high price is most unfortunate. 
Undoubtedly much of the cost is a 
reflection of the complicated (some- 
times wastefully complicated) format. 

ROBERT W. PENNAK 
Department of Biology, 
University of Colorado 


New Books 


Antibiotic Therapy for Staphylococcal 
Diseases. Henry Welch and Maxwell Fin- 
land, Eds. Medical Encyclopedia, New 
York, 1959. 220 pp. $4.50. 

Arterial Embolism in the Limbs. The 
clinical problem and its anatomical basis. 
A. L. Jacobs. Livingston, Edinburgh, Scot- 
land, 1959. 212 pp. 

Automatic Titrators. J. P. Phillips. 
Academic Press, New York, 1959. 233 pp. 
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Automating the Manufacturing Process. 
George F. Hawley. Reinhold, New York; 
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The Cathode-Ray Tube. And its appli- 
cations. G. Parr and O. H. Davie. Rein- 
hold, New York, ed. 3, 1959. 445 pp. 
$9.50. 

The Clonal Selection Theory of Ac- 
quired Immunity. Sir MacFarlane Burnet. 
Vanderbilt Univ. Press, Nashville, Tenn.; 
Cambridge Univ. Press, London, 1959. 
222 pp. $5. 

La Corrosion des Métaux. André Hache. 


Presses Universitaires de France, Paris, 
1959. 124 pp. 
Dictionary of Atomic Terminology. 


Lore Lettenmeyer. Philosophical Library, 
New York, 1959. 298 pp. $6. 

Faune de France. No. 63, Coleopteres 
Scarabeides. Renaud Paulian. Lechevalier, 
Paris, rev. ed., 1959. 298 pp. F. 5500. 

Flat Rolled Products: Rolling and Treat- 
ment. Metallurgical Soc. Conferences, vol. 
1. T. E. Dancy and E. L. Robinson, Eds. 
Interscience, New York, 1959. 147 pp. 
$3.75. 

General Crystallography. A brief com- 
pendium. W. F. de Jong. Freeman, San 
Francisco, Calif., 1959. 290 pp. $6. 

A Guide to Antibiotic Therapy. Henry 
Welch. Medical Encyclopedia, New York, 
1959. 69 pp. $3. 

Husa’s Pharmaceutical Dispensing. A 
textbook. Eric W. Martin, Ed. Mack Pub- 
lishing Co., Easton, Pa., ed. 5, 1959. 738 


pp. 

The Ice Was All Between, T. A. Irvine. 
Longmans, Green, New York, 1959. 240 
pp. $4.50. 

An Introduction to the Organic Chemis- 
try of High Polymers. Carl S. Marvel. 
Wiley, New York; Chapman and Hall, 
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An Introduction to Public Health. 
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Enzymatic Basis of Mannose 
Toxicity in Honey Bees 


Abstract. Honey bees have a negligible 
amount of phosphomannoseisomerase, to- 
gether with a high content of a hexo- 
kinase which phosphorylates mannose 
more efficiently than fructose or glucose. 
Competition at the phosphorylation level 
plus accumulation of mannose-6-phosphate 
can fully account for the toxicity of man- 
nose in honey bees, 


In the course of a thorough investi- 
gation on the sense of taste in honey 
bees, von Frisch (/) incidentally found, 
30 years ago, that mannose was 
strongly toxic for honey bees. 

Mannose is a common and widely 
utilizable hexose, which is known to be 
metabolized through the reactions: 


Mannose + ATP— mannose-6-P + ADP (1) 
and 
Mannose-6-P — fructose-6-P (2) 


Reaction 1 is catalyzed by hexo- 
kinase, an enzyme common to glucose, 
mannose, and fructose (2), which is 
widely distributed (3). Reaction 2 is 
catalyzed by phosphomannoseisomerase 
(4), which also is of wide occurrence 
(5). The work presented in this report 
shows that honey bees have a high 
content of hexokinase, while they have 
no more than a trace of phosphoman- 
noseisomerase. 

Worker honey bees (Apis mellifera) 
were obtained from local sources (6) 
and maintained on honey until used. A 
number of trials with different batches 
consistently confirmed the toxicity of 
mannose. In parallel experiments, lots 
of about 20 bees each were offered 1M 
mannose, water, and 1M glucose, re- 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


spectively. Of those offered mannose, 
50 percent died within 1.5 hours, and 
over 90 percent, within 3 hours, at 
which time more than 90 percent of 
the controls (those given water) still 
survived. Within 12 hours over 90 per- 
cent of the controls had died, as against 
less than 10 percent of the honey bees 
given glucose. 

For the exploration of enzymes, bees 
fasted for 1 hour were killed by freez- 
ing at —20°C. The frozen bees were 
homogenized in a Waring blender for 
2 minutes with 4 volumes of cold 
0.005M ethylenediaminetetraacetic acid 
neutralized to pH 7. The suspension was 
freed of residual pieces of hard tissue 
by squeezing through two layers of 
gauze. The clarified homogenates were 
used without delay or were stored 
frozen until assay. The results in Table 
1 show a high phosphorylation activity 
toward glucose, mannose, and fructose, 
as well as strong inhibition of the ac- 
tivity toward fructose by both aldoses, 
a high phosphoglucoseisomerase ac- 
tivity, and a barely detectable trace of 
phosphomannoseisomerase activity. 

These results indicate a hexokinase 
common for glucose, mannose, and 
fructose. This conclusion is supported 
by the following complementary obser- 
vations: competitive inhibition of the 
three hexoses by N-acetylglucosamine 
and phosphorylation of 2-deoxyglucose 
and glucosamine. Inhibition by glucose- 
6-P tends to lower the apparent phos- 
phorylation rate of glucose with re- 
spect to that of mannose. Nevertheless, 
even under conditions of minimal prod- 
uct accumulation, the maximal phos- 
phorylation rate of mannose appears to 
be as high as 1.7 that of glucose, while 
the apparent affinities are similar 
(Michaelis constants about 1 x 10“ M) 
(8). 

Phosphoglucoseisomerase is in ex- 
cess over hexokinase. This fact has been 
repeatedly observed even in_ tissues 
where glycolysis proceeds from free 
hexose rather than from _ glycogen. 
Nevertheless this must not be inter- 
preted as a superfluous excess. Owing 
to the free reversibilty of the reaction 
catalyzed by the phosphoglucoseiso- 
merase, the enzyme must be “in excess” 
to create sufficient net activity within 
the glycolytic chain without requiring 


levels of glucose-6-P which could seri- 
ously disturb normal metabolism. 

This excess makes more obvious the 
insufficiency of the phosphomannose- 
isomerase in bees. The highest value 
found has been less than one-tenth of 
the mannose phosphorylating capacity. 
At these low levels of activity it is 
difficult to ascertain to what extent 
there is any true phosphomannoseiso- 
merase at all in honey bees. Among 
other considerations there is the pos- 
sible contribution of enzymes from 
microorganisms when whole, normally 
raised bees are used. 

These results indicate that the man- 
nose toxicity in honey bees is a meta- 
bolic disease due to lack of balance 
between hexokinase and phosphoman- 
noseisomerase, presumably due to mu- 
tational loss of the ability to make 
the latter. Mannose would both com- 
petitively inhibit glucose and fructose 
phosphorylation and give rise to an 
accumulation of mannose-6-P which 
could interfere with glycolysis in a 
number of ways; it is a competitive 
inhibitor of phosphoglucoseisomerase 
(9). Both the high hexokinase content 
and the speed with which intoxication 
by mannose occurs must be related to 
the fact that honey bees are markedly 
dependent for activity on a high blood- 
sugar level, which in turn depends on 
recent food intake (10). This meta- 
bolic disease bears analogies to the 
galactosemia syndrome (J/) and to 
the experimental interference with glu- 
cose metabolism by 2-deoxyglucose 
(see: EZ): 

An exploration of mannose toxicity 
and phosphomannoseisomerase, or of 
phosphomannoseisomerase alone, in 
other bees and eventually in other 
Hymenoptera could give interesting 
clues to the genetic relationships among 
closely related species. 


Table 1. Hexokinase and phosphohexoseiso- 
merases in honey bees. 











Activity 
(umole/gm/15 min at 30°C) 
Substrate PATETAS ET TE — 
Phosphorylation* 
—_—__—__—_——— Isomerization; 
Sugar Ketose 
Glucose 105 
Mannose 190 
Fructose 100 
Fructose + glucose 35 
Fructose + mannose 20 
Glucose-6-phosphate 700 
Mannose-6-phosphate About It 





* Estimated by substrate disappearance essentially 
as described by Crane and Sols (3), 0.1 ml of 
homogenate and 3 ,mole of substrate (plus 6 
pmole of the second substrate in the fourth and 
fifth experiments) being used, in a total volume 
of 0.5 ml. + Studied by ketose formation with the 
borate method of Alvarado and Sols (7), 0.01 to 
0.1 ml of homogenate in a total volume of 0.4 
ml and incubation times of from 10 minutes to 
2 hours being used. { Values from about 0.3 to 
10 were obtained in different experiments. 
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Note added in proof. After the prep- 
aration of this report, our attention 
has been called to a paper from von 
Frisch’s department, in which the re- 
sults of an exploration of mannose 
toxicity in a number of insects are 
reported [T. Staudenmayer, Z. vergleich. 
Physiol. 26, 644 (1939)]. Mannose was 
to be toxic to several apidae examined 
and to Vespa vulgaris, but not to other 
Hymenoptera. 

ALBERTO SOLS 
EDUARDO CADENAS* 
FRANCISCO ALVARADO+ 
Centro de Investigaciones Bioldgicas, 
Consejo Superior de Investigaciones 
Cientificas, Madrid, Spain 
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Identity of a Rust on Ephedra 


Abstract. The aecial stage of a rust on 
Ephedra has been called a Peridermium. 
Clues as to its telial stage have been lack- 
ing. It is here described as resembling 
more a form of Roestelia, and the reasons 
for its possible relation to Gymnosporan- 
gium multiporum Kern are presented: the 
two sets of hosts have similar distribu- 
tions: the two rust stages have the same 
geographic range; they have been found 
in close proximity in the field. 


Ephedra is a genus of the joint-fir 
family (Ephedraceae) distributed over 
the arid regions of the northern hem- 
isphere. The drug ephedrin, adminis- 
tered as an astringent, is obtained from 
a Chinese species. The small scale-like 
leaves and jointed stems of these plants 
make them resemble somewhat the 
horsetails. Botanically the joint-firs are 
classed with the gymnosperms, which 
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bear naked seeds in contrast to the 
angiosperms, with seeds enclosed in an 
ovary. The joint-fir family has points 
of agreement with both Gymnospermae 
and Angiospermae, making the group 
in some ways an intermediate one be- 
tween the two classes. 

A rust fungus (order Uredinales) has 
been known as a parasite on species of 
Ephedra since 1877. This rust has been 
reported as, “A common and conspicu- 
ous species along the southwestern 
border of the United States and south- 
ward into Mexico” (/). It is usually 
listed as Peridermium ephedrae Cooke 
(2). In the Natiirlichen Pflanzenfa- 
milien, Dietel referred to it as Aec. 
[Aecidium] Ephedrae Cke. (3). 

This rust on Ephedra is an aecial (or 
aecidial) stage only, and without a 
known perfect (telial) stage can be re- 
ferred only to a form genus. Periderm- 
ium is a form genus name for various 
aecia On gymnospermous hosts, whose 
telial connections are unknown. Many 
of the forms temporarily placed here 
have been connected to telial stages. All 
of these aecial forms have been on co- 
niferous hosts (order Coniferales), and 
their telial stages belong to the rust fam- 
ily Melampsoraceae. 

The Ephedra rust doubtless has been 
called a Peridermium chiefly because 
the host is classed as a gymnosperm. 
Ephedra, however, is not a conifer and 
the aecial stage on it is in certain re- 
spects unlike the forms of Peridermium 
on these hosts. 

It more closely resembles some of the 
highly differentiated species of the 
form genus Roestelia, in which the pe- 
ridium (outer coat or investment of the 
sorus) is cylindrical, elongated (up to 
5 mm), and dehiscent at the apex. For 
many years the forms of Roestelia were 
believed to have a restricted host range: 
species of the tribe Pomeae or family 
Malaceae (depending on the classifi- 
cation used). We now know that a few 
species with Roestelia-like aecia in 
habit not only Malaceae but other fam- 
ilies—Rosaceae, Hydrangiaceae, My- 
ricaceae—belonging to the angiosperms. 
These rusts are heteroecious and those 
for which a telial stage is known belong 
to the genus Gymnosporangium. With- 
out exception species of Gymnospo- 
rangium have their telial stages on the 
family Juniperaceae which is a part of 
the Gymnospermae. Here we _ have 
heteroecious rusts alternating between 
angiosperms and gymnosperms. 

We are now strongly suggesting that 
the rust on Ephedra is a Roestelia and 
that it is the aecial stage of a Gym- 
nosporangium on a Juniperus species. 
We are aware that this will create an 
anomalous situation. It will be the first 
case where aecial and telial stages of a 


heteroecious rust inhabit two families 
both belonging to the Gymnospermae. 
Perhaps this may be regarded as sup- 
porting the view that the Ephedra fam- 
ily is not truly gymnospermous, as has 
been pointed out by some taxonomists, 

The species of Gymnosporangium 
believed to be the telial stage of the 
Ephedra aecial stage is G. multiporum 
Kern (4). The geographical range of 
these two stages is essentially the same. 
The similar distribution of the two sets 
of hosts—the various. species of 
Ephedra and Juniperus deppeana Steud. 
(J. pachyphlaea Torr.), J. monosperma 
(Engelm.) Sarg., and J. osteosperma 
(Torr.) Little [J. utahensis (Engelm.) 
Lemmon]—and their association on 
desert lands make possible the harbor- 
ing of a fungus which must pass from 
one set to the other. This lends credence 
to the suggestion that Gymnosporan- 
gium multiporum is the telial stage of 
the Ephedra rust. Not only do the 
ranges and distribution of these rust 
stages and of their hosts favor this con- 
jecture, but there is additional evidence 
from field observations. Gymnosporan- 
gium multiporum and the aecia on 
Ephedra have been found in proximity 
in an area of the South Rim of the 
Grand Canyon, Coconino County, Ari- 
zona. Our prediction is made with much 
confidence. Proof can be had only 
through cultures, involving inoculations 
under controlled conditions. 

It is pertinent to note that there are 
numerous collections of the rust on 
Ephedra but that there has been no 
suggestion till now of a possible telial 
stage. Gymnosporangium multiporum 
is so inconspicuous as to elude easy de- 
tection even when present. Relatively 
few collections of G. multiporum have 
been made. In any event its collectors 
would doubtless have sought Roeste- 
liae on Malaceae (the usual alternate 
stages for Gymnosporangium) and 
naturally would have disregarded the 
Ephedra as being of no concern. These 
facts may help explain why the present 
hypothesis has not been suggested 
sooner (35). 

FRANK D. KERN 
Pennsylvania State University, 
University Park 

PauL D. KEENER 
University of Arizona, Tucson 


References and Notes 


1. J. C. Arthur and F. D. Kern. Bull. Torrey 
Botan. Club 33, 438 (1906). 

. M. C. Cooke, Indian Forester 3, 95 (1877). 

. P. Dietel, Eng. and Prantl. Natiirlichen Pflan- 
zenfamilien 1)", 79 (1897), 

. F. D. Kern, Mycologia 1, 208 (1909). 

. This report is contribution No. 249 of the 
Department of Botany and Plant Pathology, 
Pennsylvania State University. It is authorized 
for publication by the Arizona Agricultural 
Experiment Station as technical paper No. 541. 


17 August 1959 


wn 


ua 


SCIENCE, VOL. 13) 





Cos! 


are 
deve 
a ne 


i. 4 
bilit 
flux 
to | 


(e! 
tri 
ro 
in 
tic 


i ee a ee ae ee ee, 











lilies 
mae, 
sup- 
fam- 
_ has 
1ists, 
ium 
the 
rum 
e of 
ame. 
sets 
of 
eud. 
rma 
rma 
Im.) 
on 
bor- 
rom 
ence 
ran- 
e of 
the 
rust 
con- 
ence 
ran- 
on 
nity 
the 
Ari- 
uch 
only 
ions 


are 
on 
no 
lial 
rum 
de- 
vely 
lave 
tors 
»ste- 
nate 
and 
the 
lese 
sent 
sted 


ERN 


NER 


rrey 


). 
flan- 


the 
logy, 
‘ized 
tural 


541. 


13) 





CaP TET AT: 





Cosmic Neutrino Radiation 


Abstract. New and more powerful meth- 
ods for eliminating background intensity 
are needed in order to make possible the 
development of neutrino astronomy into 
a new, far-reaching branch of science. 


In a recent paper F. Reines and C. 
L. Cowan mentioned the future possi- 
bility of detecting the cosmic neutrino 
flux reaching the earth (J). We wish 
to present a more quantitative picture 
of this most penetrating radiation of 
the universe. 

Today experimental technique makes 
possible the detection of a reactor anti- 
neutrino flux of intensity 3 = 10° » 
cm~ sec” in the energy interval 2 to 6 
Mev with satisfying accuracy; this 
corresponds to a reaction rate of 3 o = 
10-8° » sec"? per nucleus. Reines and 
Cowan (2) made use of the reaction 


(1) 


(energy threshold 1.8 Mev). A neu- 
trino flux may also be detected, with 
roughly comparable accuracy, by mak- 
ing use of the Pontecorvo-Davis reac- 
tion (3): 


v + Cl8* => Ars? + & (2) 


(energy threshold 0.8 Mev). It is hoped 
that the detection threshold can be 
lowered in the near future by one or 
two orders of magnitude, without ex- 
tensive modification of the experimental 
method (4). 

Apart from nuclear reactors, the sun 
is the most intensive source of neu- 
trinos for laboratory observations; sev- 
eral percent of its energy production is 
carried off by the neutrino current 
(3 > 10°° » cm™ sec at the earth). 
If the fundamental fusion process taking 
place in the central part of the sun is 
the C-N cycle, the s* activity of the 
isotopes N“ and O* has to be taken into 
account as a source of neutrinos. Since 
the energy spectrum of these nuclei is 
known, the average cross section of 
reaction 2 is theoretically computable: 
¢ = 10 cm’, and this results in a reac- 
tion rate 3 o = 0.6 x 10™ » sec”. If, 
however, the fundamental energy-pro- 
ducing process of the sun is direct H-D 
fusion, ending in 


He’ (He’, 2p) a 


9+ pon +e 


the energy of the neutrinos originating 
from the reaction 


2p>D+er+» 


lies lower than the threshold for the en- 
tire capture reaction (reaction 2), and 
consequently Yo = O (Fig. 1) (5). 
According to the recent suggestion 
of W. A. Fowler (6), another possi- 
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bility for completion of the H-D chain 
is 


He’® (a, 7) Be’ (e-, ») Li’ (p, a) a 


and this supplies neutrinos with energy 
comparable to those of the C-N cycle. 
The second neutrino of this chain is of 
low energy, so one arrives at an un- 
expected reaction rate 3o = 0.3 x 10-°? 
v sec”. It is possible, however, that the 
same chain is completed via 


Be’ (p, 7) B* (8* v) Be® (a) a 


and the B® nucleus emits neutrinos with 
very high energy (end point at 14.1 
Mev). 

The abundance of this reaction de- 
pends on the (unknown) p capture 
cross section of Be’. If the Be-B branch 
is supposed to give the whole energy 
production of the sun, with the calcu- 
lated average neutrino capture cross 
section ¢=2 xX 10“ cm’, one arrives 
at the high detection rate Yo = 8 xX 
10™ » sec*. It is to be expected that a 
detection threshold of 3o = 10-*? » sec"? 
will be reached in a reasonable time; 
in this case one would be able to de- 
cide experimentally about the character 
of the fusion processes taking place in 
the inner part of the sun, and this 
would be equivalent to empirical de- 
termination of the temperature at the 
center. (Photons give us information— 
as a result of their smaller penetrating 
power—only about the surface tempera- 
ture of the sun.) 

It is impossible to find any difference 


between a distant celestial body built 
up from common matter and another 
one built up from antimatter (7) by 
observing their light, but in principle 
it would be possible to find a difference 
by observing their neutrino radiation 
(that is, y = 7, » = ¥). (A star similar 
to our sun is a neutrino-emitter, but a 
star built up from antiatoms would be 
an antineutrino-radiator.) Whether this 
possibility will become available seems 
very questionable today. The problem 
of the “neutrino telescope” is discussed 
below. 

The result of the small capture cross 
section of the neutrino is that the mean 
free path of the neutrinos of the 1 to 
10 Mev energy region in the universe 
amounts to about 10” light-years (that 
of the antineutrino is a little less). From 
this it follows that neutrino radiation 
offers a very useful opportunity for ob- 
servation of events very distant in space 
and time (in principle, up to 10” light- 
years and 10” years, respectively), pro- 
vided, naturally, that the problem of 
detection can be solved. For example, 
the character and intensity of the neu- 
trino radiation reaching the earth from 
outside the solar system are very sen- 
sitive indicators of the way in which 
the chemical elements are formed. If 
the universe can be considered to be 
in a steady state, and if the origin of 
heavier nuclei is connected with the 
fusion of hydrogen in stars, the aver- 
age neutrino density has to be equal to 
the density of neutrons; thus, a flux of 
3 ~ 10° » cm* sec™ is to be expected. 
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Fig. 1. Energy dependence of the cross section for neutrino detection and energy 
spectrum of neutrinos emitted in the H-D and C-N type fusion processes. (For the 
H-D-Be-B branch, the intensity becomes perceptibie only above 2 Mev.) 
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The energy spectrum of this flux is 
similar to that of the sun, but in an 
expanding steady-state universe [sug- 
gested by the theory of Bondy and 
Gold (8)], the energy distribution is still 
lower as a result of the Doppler shift. 
One gets a reaction rate 3 o < 10-8 
» sec” for this flux, which is certainly 
a very small value. The antineutrino 
flux can be neglected. 

If, on the other hand, the birth of 
heavy nuclei took place in an early, 
compressed state of the expanding uni- 
verse, one would expect much more 
intensive neutrino radiation. In the high- 
ly compressed state of matter most of 
the nucleons had to be in a neutron-rich 
state, and during the formation of the 
proton-rich state of today, also an anti- 
neutrino flux of relatively high energy 
distribution and of relatively high in- 
tensity had to be emitted: 3 ~ 107 > 
cm™~™ sec” [that is, the density of the 
neutrinos has to be comparable to the 
proton density (9)]. This corresponds 
to a detecting reaction rate 3 o ~ 10-*5 
¥ sec-1. If the compressed state of 
matter were connected with a high 
temperature, a thermal neutrino and 
antineutrino radiation of considerable 
density also would have originated. 
Thermodynamic equilibrium between 
neutrinos and atoms can be attained in 
a state of nuclear density in micro- 
seconds; in a state of stellar density, in 
years; and in a state of the average 
density of today, in about 10” years. 
This means that after a certain stage 
of expansion no interaction takes place 
any Jonger and the hot neutrino-anti- 
neutrino gas “freezes”; the intensity and 
spectrum of the gas are no longer reg- 
ulated by the atomic interactions but 
by the adiabatic expansion. According 
to the laws of thermodynamics, experi- 
mental detection below a neutrino tem- 
perature of 10°°K is not possible. An 
observed equal intensity of neutrino 
and antineutrino flux would be expli- 
cable on the basis of an origin con- 
nected with thermodynamical equilib- 
rium. There seems to be only one other 
explanation: If celestial bodies built up 
from common matter and celestial 
bodies built up from antimatter are 
isolated from each other and occur in 
the universe in equal abundance—that 
is, if not only the physical laws but also 
the physical state of the universe are 
invariant with respect to PC transfor- 
mation, being neutral with respect to 
electric charge and baryonic charge at 
the same time, the average neutrino and 
antineutrino density would be equal 
everywhere (7). 

The answer to the question of 
whether the detection of neutrinos will 
make it possible to decide between the 
different cosmogonical views depends 
on whether the detection threshold at- 
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tainable today, 3 ¢ = 10 » sec”, can 
be diminished by several orders of 
magnitude. The most difficult problems 
of decisive importance are that of elim- 
inating the much more dominant neu- 
trino radiation emitted by the sun and 
that of the antineutrino flux of terrestrial 
radioactivity; this background intensity 
is of a greater order of magnitude than 
the cosmic flux to be detected. Neu- 
trinos of high energy distribution are 
emitted in the atmosphere also by the 
decaying mesons generated by cosmic 
rays, but the total intensity of this radia- 
tion is nevertheless negligible as com- 
pared to the neutrino fluxes mentioned 
above. The anisotropic angular distribu- 
tion of the electron emission in certain 
neutrino capture reactions would serve 
as a useful basis for the construction of 
a “telescope” differentiating neutrinos 
of terrestrial or solar origin and neu- 
trinos of stellar origin, respectively. 
The differential cross section of the 
capture reaction is as follows: 


7 (6) da =Teene}|/ ra + cos 6) + 


[Jolt 0-5 Zoos | nBao 


where @ denotes the angle between the 
direction of the captured neutrino and 
the emitted electron. In the case of re- 
action 1, the angular dependence of 
o(6) does not exist, but, for example, 
for the pure Gamow-Teller transition 


y+ DoOn+n+e (3) 


(energy threshold 4 Mev) one can draw 
conclusions about the direction spec- 
trum of the incoming antineutrinos 
from the angular distribution of the 
positrons. Naturally this makes the tele- 
scope method applicable only for high- 
energy neutrinos and makes the pos- 
sibility of detection much further away 
than is suggested by the accuracy 3 o 
= 10-°° § cm~ sec-! obtainable today. 
Another possibility would be that of- 
fered by measuring the neutrino energy 
spectrum—namely, by comparing the 
absorption rates in nuclei with different 
energy thresholds. 
GEORG Marx 

Nora MENYHARD 
Institute for Theoretical Physics 
of the Roland Eétvés University, 
Central Research Institute of Physics, 
Budapest, Hungary 
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Computer Analysis of Reflex 
Control and Organization: 
Respiratory Sinus Arrhythmia 


Abstract. Respiratory sinus arrhythmia 
in waking man is described by differential 
equations which relate thorax circumfer- 
ence acceleration to instantaneous heart 
rate. Consequent experiments show that 


the arrhythmia is initiated by stretch recep- 
tors within the thorax rather than by 
hemodynamic or central factors, and that 
it is due mainly to superimposed biphasic 
inspiratory heart rate transients of about 
15 seconds’ duration. Analysis of respira- 
tion heart rate reflex provides a new 


quantitative physiological tool. 


The changes in heart rate produced 
through changes in vagus inhibition, 
which accompany respiration, present 
both a varied and regular picture. The 
regularities appear as waves in the 
heart rate of the same frequency as the 
respiration. As a result of this regularity 
it has usually been assumed that a causal 
relation exists between inspiration and 
cardiac acceleration, and between ex- 
piration and deceleration (/). Certain 
investigators have observed, however, 
that the wavelike changes in the heart 
rate often show the opposite phasic 
relation to respiration (2). Recent work 
displays what appeared to look like a 
lag of one cycle between the respiration 
and the heart rate waves (3). 

The irregularities in the heart rate 
trace have been difficult to relate to 
respiration. How much of the unwave- 
like and apparently irregular changes 
may be due to respiration as compared 
with other causes has remained unde- 
termined. In order to investigate these 
conflicting results, we have applied the 
method of dynamic analysis as devel- 
oped for automatic control system 
theory (4). Simulation by analog com- 
puter techniques, in experiments de- 
signed with the aid of control system 
theory, with unanesthetized human sub- 
jects, shows several results. 

1) Two different biphasic reflexes are 
the main causes of changes in heart 
rate produced by respiration. One of 
these is produced only by inspiration 
and the other only by expiration. The 
two reflexes are both biphasic in the 
same direction. Each reflex first causes 
acceleration and then deceleration of the 
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heart rate. The time course of the reflex 
is of the order of 4 seconds for the 
accelerated phase and 10 seconds for 
the decelerated phase, making a total 
of 14 seconds for the complete transient. 
The expiration transient differs to some 
extent in shape from the inspiration 
transient, being usually of smaller am- 
plitude and having a somewhat longer 
acceleratory phase, but it is in no way 
in the opposite direction from the in- 
spiration transient, but clearly in the 
same direction. 

2) The observed patterns of heart 
rate changes produced by respiration 
are the result of the superposition of 
biphasic heart rate transients which may 
or may not have time to complete them- 
selves before the onset of the next tran- 
sient. Because of the diphasic nature 
of these transients and the fact that both 
the inspiration and expiration are in 
the same direction, the wavelike patterns 
observed bear a different phasic relation 
to respiration depending on how fast 
the respiration rate is. 

3) For respiration rates of about 4 
per minute and slower, sufficient por- 
tions of the transients can complete 
themselves to give the effect of twice as 


many heart rate waves as respiratory 
waves. If one employs a method of 
step-wise breathing—that is, inspiration 
in several steps and likewise with ex- 
piration—then one obtains a biphasic 
heart rate transient for each step in 
respiration. In this way one can obtain 
any whole number relation between 
respiration and heart rate waves. 

4) The time course of basic inspira- 
tion heart rate transients is independent 
of the degree of normal activity or rest, 
and thus of blood flow. The time course 
of the reflex in a given individual does 
not change regardless of initial heart 
rate. 

5) Atropine in doses sufficient to re- 
duce materially the amplitude of the 
heart rate transient (0.6 mg, intravenous) 
changes the time course of the transient, 
producing considerable slowing. As re- 
covery from the effect of atropine takes 
place, the time course returns to its 
normal relationship and even tempo- 
rarily becomes faster than the normal 
value of about i4 seconds. Both the time 
course of recovery and the extent of 
changes are dissimilar for the two re- 
flexes. 

6) Positive- or negative-pressure arti- 
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HEART RATE TRANSIENT, DUE TO DEEP INSPIRATION HELD 











HEART RATE TRANSIENT, OUE TO DEEP EXPIRATION HELO 


Fig. 1. Simulated and actual heart rate patterns for various modes of breathing; basic 
RHR (respiratory heart rate reflex) transients are shown in lower portion of figure. 
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ficial respiration produces heart rate 
transients similar to those of natural 
respiration for similiar respiratory 
maneuvers. 

7) Of 50 subjects tested, every one 
showed the two basic biphasic reflexes. 
Individuals showed considerable differ- 
ences in amplitude and lesser differences 
in duration of reflex. 

8) The mathematical expressions for 
the changes in vagus inhibition produc- 
ing these heart rate changes are given 
by Eqs. 1 (for dR/dt > 0) and 2 (for 
dR/dt < 0). 


{ee —ks? 
R (1+ Ts) (1 + T:s) 





(1) 


gts k's? 
R (t+ Ts) (1 + Ts) (1 + Ta)" 





These are the transfer functions relat- 
ing changes in vagal inhibition to 
respiration. (Transfer functions are 
convenient means of handling linear, 
high-order differential equations in 
terms of Laplace transforms.) V is the 
vagal inhibition (as a firing rate) and 
R is the circumference of the thorax 
(the Laplace transforms of V and R 
are V and R, respectively); s is the 
Laplace operator; 7:, T:, and T: are time 
constants; and k and k’ are sensitivity 
constants. The parameters for the in- 
spiratory reflex are thus k, T:, and T:. 
For the expiratory reflex they are 
k’, Th, T2, and Ts. 

These transfer functions (Eqs. 1 and 
2), written in the usual differential 
equation form, become Eq. 3 (for 
dR/dt > 0) and Eq. 4 (for dR/dt < 0) 





d’v T,+T: dV. + V 
df? TT: “dt TT: 











k @R_ 
*hr ae ° © 
av. TT:+T:T,+TsTr eV, 
df T:T:Ts df 
T,+T:+T: dV Bus 
T:T.Ts; dt T:T:Ts 
ke BR _ 
frm, a?“ 


Note that the respiration enters the 
equations only as a second derivative, or 
acceleration, of thorax circumference; 
the switching of equations depends on 
the sign of the motion. 

The differential equation relating cal- 
culated vagus inhibition changes to heart 
rate is 


1 dy 
4n*ro? — (Vo + AV) ae 





y=0 (5) 


Parameter r» corresponds to the heart 
rate with complete absence of vagus 
inhibition, Vo to the normal vagal tone, 
and AV the changes in vagal tone 
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caused by respiration; y is the output 
of the pacemaker and has a periodic 
solution. The maxima of y are con- 
sidered to correspond to the times of 
firing of the pacemaker. 

Comparison of the predicted and 
actual heart rate changes has been car- 
ried out successfully, showing a good 
correspondence for a wide variety of 
breathing modes. 

Figure 1 shows a portion of a half- 
hour simulation record showing heart 
rate, simulated heart rate, and respira- 
tion for various modes of breathing. The 
simulated heart rate was computed by 
the analog computer and simultaneously 
recorded with the actual heart rate (5). 
The only signal entering the computer 
from the subject was the subject’s respi- 
ration in the form of an electric signal 
proportional tu thorax circumference. 
The actual and simulated heart rate are 
recorded above each portion of the res- 
piration record. The record was taken 
with the subject in a resting state, su- 
pine; the subject was a 26-year-old male. 
Each ordinate represents the time be- 
tween two consecutive heart beats, 
measuring from R to R peak of the 
ORS complex of the electrocardiogram. 
Thus a long line represents a slow heart 
rate, a short line a fast heart rate. The 
basic inspiratory and expiratory heart 
rate transients are shown in the lower 
parts of the figure. 

Parameters of the differential equa- 
tions represented by the computer re- 
mained unaltered during the course of 
the simulation. Note the correspond- 
ence between actual and simulated heart 
rates. Since the measure taken of 
respiration is the external circumference 
of the thorax, some amplitude dissimi- 
larities between the stretch experienced 
by the organic receptor and our record- 
ing device is to be expected. Some non- 
linearities in this regard are likely. 

Note that a slight dissimilarity is 
actually theoretically required, since 
each cardiac cycle in the simulated cir- 
cuit does not begin synchronously with 
the actual heart. Consequently, a deep 
inspiration, for example, does not neces- 
sarily begin at the same point in the 
cardiac cycle in the simulated circuit 
as in the real heart, thus causing a 
minor deviation in the transient. Some 
steady state changes in heart rate with 
extent of chest expansion are also some- 
times found in addition to the transient 
changes described. 

It may be concluded that in the un- 
anesthetized human being, respiratory 
sinus arrhythmia (the heart rate changes 
caused by respiration) is initiated by 
stretch receptors located within the chest 
and is not primarily caused by hemo- 
dynamic factors or central influences. 
The paradoxical findings regarding the 
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phasic relation between heart rate and 
respiration are resolved by showing that 
the heart rate waves observed are in 
fact superpositions of biphasic transients 
of definite shape and duration. As a 
result of the mathematical analysis, in 
terms of nonlinear differential equa- 
tions, it is possible to predict the heart 
rate changes (both regular and irregular) 
due to respiration for any manner of 
breathing in the given subject. 
MANFRED CLYNES 
Rockland State Hospital, 
Orangeburg, New York 
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Solid-Counting of Octadecane-1-H’ 


Abstract. A solid sample of octadec- 
ane-1-H® was found to show a fairly 
good proportionality of the counting rate 
to the amount of the sample. Taking 
account of the synthetic process, nonvol- 
atility, and spreadability of octadecane, 
this compound offers a possibility of being 
used as a standard sample for counting the 
radioactivity of tritium. 


Many investigators have attempted 
to count the radioactivity of tritium, 
which emits extremely soft 8-rays, by 
gas-phase (J) and liquid scintillation 
(2) counting. However, these methods 
require some special and expensive 
equipment and complicated procedures. 
Moreover, it seems inevitable that these 
methods should suffer from some dif- 
ficulties—for example, memory effect 
for the former method and limited ap- 
plicability for the latter—in performing 
the measurement. To avoid the memory 
effect, attempts were successfully made 
to perform the solid-counting of vege- 
table oil (3) and p-aminosalicylic ‘acid 
(4), both tagged with tritium. A weak- 
ness of the use of these two substances, 
however, arises from limited applica- 
bility: The first must be synthesized 
by adding tritium as a gas to unsatu- 
rated oil; the second, by a gas-exposure 
method in which carrier-free tritium 
gas is used (5). 

Because of these difficulties, it seems 
desirable to change a sample of organic 


compound tagged with tritium to a 
standard form through a common proc- 
ess such as 
H*-tagged organic compound ae 
H*.O — standard substance 
to be counted 





To practice good solid-counting, the 
final product should be (i) prepared 
easily and quantitatively from H®*.O, (ii) 
nonvolatile at room temperature, and 
(iii) uniformly spreadable on a suitable 
surface. Octadecane, synthesized by the 
reaction of tritiated water and excess 
octadecyl magnesium bromide, satisfies 
the first two conditions, and, hen it 
contains a small amount of amphipathic 
compound, it may also satisfy the third. 
Thus, this compound seems to be suit- 
able for a standard sample to be 
counted. 

In the present experiment, octadec- 
ane-1-H*®, synthesized by the above 
reaction and containing a small amount 
of octadecanol, was used. A portion of 
this substance was spread from ben- 
zene solution onto the bottom of a 
stainless steel pan (24.5 mm in di- 
ameter), and the radioactivity was de- 
terminated by using a 27 flow counter 
(Aloka, type DC-1001). Commercial 
propane was used as a flow gas (6). 

Figure 1 shows a dependence of the 
counting rate upon the sample thick- 
ness. The calculation assumes uniform 
spreading of octadecane over the bot- 
tom of the pan, though this is not al- 
ways valid. In spite of this rough as- 
sumption, the counting rate increased 
proportionally with the increase of the 
sample thickness, when the amount of 
the sample was less than that corre- 
sponding to the maximum range of 
8-rays. Within this region, the count- 
ing rate was reproducible for a given 
amount of the sample, irrespective of 
distribution of the sample over the 
bottom of the pan. Beyond this region, 
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Fig. 1. Dependence of counting rate 
upon the thickness of sample of octa- 
decane-1-H’. 
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however, the counting rate was affected 
by several conditions, such as an uneven 
distribution and the surface roughness 
of samples. 

Through all experiments, no memory 
effect was observed. A memory effect 
would hardly be anticipated from the 
low volatility of octadecane. The pres- 
ent results suggest an applicability of 
the solid-counting method to soft 8-rays 
of tritium-tagged substances, if the sam- 
ple thickness is chosen to be in a pro- 
portional region, as shown in Fig. 1. 

Mitsuo MURAMATSU 
TSUNETAKA SASAKI 
Department of Chemistry, 
Faculty of Science, 
Tokyo Metropolitan University, Japan 
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Electron Transfer and Absorption 
Spectra of Complexes 


Abstract. Occurrence of light saturation 
in the reaction of thionine (T) with Fe* 
suggests the existence of T-Fe* com- 
plexes practically indistinguishable by their 
absorption spectra from free  thionine; 
photoreduction seems to occur by electron 
transfer in such complexes, delayed by 
more than 10~ second after light absorp- 
tion. Both phenomena must be of general 
significance. 


It has been customary to use absorp- 
tion spectra to decide whether two 
reagents in solution form a complex 
or not. It was assumed that the ab- 
sorption spectrum of the complex must 
be different from that of its components, 
at least to the extent to which the 
spectrum of a dissolved molecule 
usually is affected by the solvent. 

However, Watson (/) had to postu- 
late the occurrence of phenylhydrazine 
complexes of chlorophyll to account for 
the effect of this compound on the 
fluorescence of chlorophyll; and yet no 
change in the absorption spectrum of 
chlorophyll could be noted upon the 
addition of small amounts of phenyl- 
hydrazine. Bannister (2) had to make 
a similar assumption in the case of 
chlorophyll and ascorbic acid to explain 


29 JANUARY 1960 


the kinetics of the photoreduction of 
chlorophyll by this compound. Weber 
(3) found that enzymatic removal of 
the nicotinamide nucleus from diphos- 
phopyridine nucleotide does not affect 
the absorption spectrum; and the ab- 
sorption spectrum of ethyl chloro- 
phyllide was found, by Holt and Jacobs 
(4), to be practically identical with that 
of chlorophyll (phytyl chlorophyllide) ; 
so it was shown that even chemical 
bonding sometimes leaves the absorption 
spectrum practically unchanged. 

One of us (S.A.) arrived at a similar 
conclusion in a systematic study of 
the kinetics of photoreduction of 
thionine (T) by ferrous ions. The 
phenomenon of light saturation, un- 
usual in simple photochemical reactions 
in vitro, which he observed in con- 
centrated ferrous solutions (10° mole/ 
liter or more) was most easily explained 
by postulating, as the main or only 
photosensitive species, a T:Fe* com- 
plex with a finite velocity of formation 
in the dark (see reaction 1, where Tr 
stands for reduced thionine) : 


K +hy 
1T + Fe* = ’T-Fe* ——>'T-Fe* > 
*"T-Fe* > T, + Fe* (1) 


Light saturation is reached, in system 
I, when the rate of complex formation 
limits the rate of the photochemical 
reaction. 

Yet, measurements of the absorption 
spectrum of thionine solutions in the 
presence of ferrous ions show no 
evidence of complexing. In fact, Hard- 
wick (5), in a recent study of the same 
reaction, used this fact to exclude a 
complex mechanism and to treat the 
reactions as due to encounters of 
metastable thionine molecules with free 
ferrous ions. Schlag (6) also disregarded 
complex formation in his study of the 
thionine-iron reaction. Havemann and 
his co-workers (7), on the other hand, 
did inquire into the possible existence of 
complexes, confirmed their existence by 
measurements of the effect of Fe* ions 
on fluorescence, and assumed complexes 
to be the photosensitive species in the 
interpretation of kinetic data. They de- 
rived a value of K = 30 for the com- 
plex formation constant. 

The kinetic data obtained in our 
laboratory, and presented in detail in a 
paper by Ainsworth (8), led to a 
somewhat higher complexing constant, 
K = 200. 

In the present report we would like 
to point out the apparently widespread 
existence of dye complexes more or less 


completely indistinguishable from free 
dye molecules by their absorption spec- 
tra. In the case of the system T + Fe* 
(as well as in that of the system chloro- 
phyll + ascorbate), this behavior sug- 
gests that electron transfer can occur. 
in an excited complex, not as an im- 
mediate result of light absorption—in 
which case a new “electron-transfer” 
band could be expected to appear in the 
absorption spectrum (9)—but as a de- 
layed effect. As suggested in reaction 1, 
the dye molecule in the excited complex 
may be first transferred into a metasta- 
ble triplet state; this transfer is so effec- 
tively catalyzed by the paramagnetic 
Fe* ions as to quench fluorescence 
completely. An electron is transferred 
to the triplet dye from the associated 
Fe* ion after an average life-time of at 
least 10° second; this is indicated by 
the observation that the reaction is 
quenched by ferric ioms [as well as by 
thionine molecules (see 10)] in con- 
centrations as low as 10° mole/liter. 
(Even resonance energy migration 
could not account for significant 
quenching of a singlet excited state 
by a quencher present in such low 
concentrations.) Another consequence 
of this mechanism is the probability of a 
primary back reaction within the com- 
plex; this may explain why the highest 
quantum yield of the T + Fe* reaction 
that we were able to obtain was about 
0.3. 

The two conclusions—that spectro- 
scopically unrecognizable complexes 
exist, and that delayed electron transfer 
occurs in such complexes after elec- 
tronic excitation of one of the com- 
ponents—appear to be of some general 
interest. 

STANLEY AINSWORTH* 
EUGENE RABINOWITCH 
Photosynthesis Laboratory, 
Department of Botany, 
University of Illinois, Urbana 
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Meetings 
Pure Chemical Compounds 


Augmented sources of certified pure 
substances, a clearinghouse of informa- 
tion about the availability of such ma- 
terials, and intensified research on all 
aspects of the purity problem are 
urgently needed by science and indus- 
try. This situation was revealed at a 
conference on Chemical Compounds of 
Certified High Purity, held 22 and 23 
June at the National Academy of Sci- 
ences in Washington. Approximately 35 
prominent scientists participated in the 
conference, which was sponsored jointly 
by the National Science Foundation and 
the National Academy of Sciences— 
National Research Council. Frederick 
D. Rossini of the Carnegie Institute of 
Technology was chairman of the con- 
ference and also of the five-man organ- 
izing committee appointed by academy 
president Detlev Bronk. 

Highly purified compounds are neces- 
sary as standards of measurement, in the 
calibration of instruments, and in the 
definitive determination of physical and 
chemical properties requisite for the 
compilation of “critical tables” of en- 
during value. In fact, in any type of 
physical or chemical research where ex- 
perimental results are sensitive to small 
amounts of impurity, the availability of 
pure compounds is imperative. The 
preparation of such materials simply 
has not kept pace with the tremendous 
strides made in recent years in instru- 
mentation and experimental techniques 
of measurement. 

Many major classes of inorganic, 
organic, and metallo-organic compounds 
should be made available, including bio- 
logically important classes of com- 
pounds. Discussion ranged widely over 
the diverse types of pure substances re- 
quired—from monoisotopic elements 
such as oxygen-17 to complex proteins 
such as insulin, and from single crystals 
and semiconductor materials to more 
prosaic compounds. It was also revealed 
that new criteria for determining purity 
are needed by biochemists, chemists, 
and physicists. The educators present 
agreed that a great increase in the avail- 
ability of pure compounds speeds grad- 
uate research but also results in a cer- 
tain loss from the standpoint of teach- 
ing, which must be remedied. 

At the conclusion of the conference 
recommendations were made for the 
establishment of a center of information 
on existing sources of chemical com- 
pounds of certified high purity and for 
the establishment of a permanent cen- 
tral technical organization with respon- 
sibility for the identification, prepara- 
tion, further purification, and certifica- 


| tion of pure chemical compounds. It was 


also recommended that the National 
Academy of Sciences—National Re- 
search Council, in cooperation with 
other national and international scien- 
tific groups, implement a program for 
improved communication among labora- 
tories concerned with the pure-com- 
pounds problem and encourage research 
on all aspects of the purity of chemical 
compounds and on the analytical chem- 
istry pertaining to this work. 

A limited number of copies of a re- 
port on the conference has been pre- 
pared. These are available to persons 
concerned with the pure-compounds 
problem and may be requested from the 
Office of Critical Tables, National Acad- 
emy of Sciences, 2101 Constitution 
Avenue, NW, Washington 25, D.C. 

Guy WADDINGTON 
National Academy of Sciences, 
Washington, D.C. 


Forthcoming Events 


February 


25-27. Cell Physiology of Neoplasia 
(14th annual symp. on fundamental can- 
cer research), Houston, Tex. (Editorial Of- 
fice, Univ. of Texas M. D. Anderson Hos- 
pital, Texas Medical Center, Houston 25.) 

26. Highway Geology, 11th annual 
symp., Tallahassee, Fla. (W. F. Tanner, 
Geology Dept., Florida State Univ., Tal- 
lahassee.) 

28-5. American College of Allergists, 
Miami Beach, Fla. (E. Bauers, 2160 Rand 
Tower, Minneapolis 2, Minn.) 

29-3. American College of Surgeons, 
Boston, Mass. (H. P. Saunders, 40 E. Erie 
St., Chicago, III.) 

29-4. Pittsburgh Conf. on Analytical 
Chemistry and Applied Spectroscopy, 
Pittsburgh, Pa. (L. P. Melnich, U.S. Steel 
Corp., Monroeville, Pa.) 


March 


2-4. Low and Medium Energy Nuclear 
Physics, colloquium, Grenoble, France. 
(F. Netter, C.E.N., Saclay, BP. No. 2, 
Gif-sur-Yvette, Seine et Oise, France.) 

3-5. American Acad. of Forensic Sci- 
ences, Chicago, Ill. (W. J. R. Camp, 
AAFS, 1853 W. Polk St., Chicago 12.) 

4-6. National Wildlife Federation, Dal- 
las, Tex. (C. H. Callison, 232 Carroll St., 
NW, Washington 12.) 

6-13. American Otorhinologic Soc. for 
Plastic Surgery, Miami Beach, Fla. (J. G. 
Gilbert, 75 Barberry Lane, Roslyn Heights. 
N.Y.) 

7-9. Wildlife Management Inst., Dallas, 
Tex. (C. R. Gutermuth, 709 Wire Bldg., 
Washington 5.) 

7-11. American Soc. of Civil Engineers, 
New Orleans, La. (E. S. Kirkpatrick, 
ASCE, 33 W. 39 St., New York 18.) 

10. Recent Developments in Poultry 
Nutrition (Assoc. of Vitamin Chemists), 
Chicago, Ill. (J. T. Sime, Director of Re- 
search, Evaporated Milk Assoc., 228 N. 
La Salle St., Chicago 1.) 

10-11, Institute of the Aeronautical Sci- 
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ences—Flight Propulsion, Cleveland, Ohio. 
(S. P. Johnston, 2 E. 64 St., New York 21.) 

13-14. American Otological  Soc., 
Miami Beach, Fla. (L. R. Boies, University 
Hospital, Minneapolis 14.) 

14-16. American Railway Engineering 
Assoc., annual conv., Chicago, Ill. (N. D. 
Howard, AREA, 59 E. Van Buren St., 
Chicago 5.) 

14-17. Positive Health of Older People, 
forum, Miami Beach, Fla. (A. Mallach, 
National Health Council, 1790 Broadway, 
New York 19.) 

14-18. National Assoc. of Corrosion En- 
gineers, 16th annual, Dallas, Tex. (W. A. 
Mapler, NACE, 18263 W. McNichols 
Rd., Detroit 19, Mich.) 

15-16. American Broncho-Esophango- 


logical Assoc., Miami Beach, Fla. (F. J. 
Putney, 1712 Locust St., Philadelphia 3.) 

15-21. Nondestructive Testing, 3rd in- 
tern. conf., Tokyo and Osaka, Japan. (S. 
Ishizaka, Scientific Attaché, Embassy of 
Japan, 2514 Massachusetts Ave., NW, 
Washington 8.) 

17. Congress for Pharmacists, 2nd an- 
nual, Jamaica, N.Y. (Congress for Phar- 
macists, Public Relations Office, St. John’s 
Univ., Jamaica 32.) 

17-19. American Radium Soc., conf., 
San Juan, Puerto Rico. (ARS, 635 East 
Union, Pasadena, Calif.) 

17-19. Blood Platelets, intern. symp. 
(by invitation only), Detroit, Mich. (Miss 
S. A. Johnson, Henry Ford Hospital, De- 
troit 2.) 
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17-20. International Assoc. for Dental 
Research, Chicago, Ill. (D. Y. Burrill, 
Northwestern Univ. Dental School, 311 
E. Chicago Ave., Chicago 11.) 

18-19. American Laryngological Assoc., 
Miami Beach, Fla. (L. Richards, Massa- 
chusetts Inst. of Technology, Cambridge.) 

20-23. American Assoc. of Dental 
Schools, Chicago, Ill. (R. Sullen, 840 N. 
Lake Shore Drive, Chicago 11.) 

20-26. American Cong. on Surveying 
and Mapping, Washington, D.C. (C. E. 
Palmer, American Soc. of Photogram- 
metry, 1515 Massachusetts Ave., NW, 
Washington 5.) 

20-26. American Soc. of Photogram- 
metry, Washington, D.C. (C. E. Palmer, 


ASP, 1515 Massachusetts Ave., NW, 
Washington 5.) 
21-24. American Acad. of General 


Practice, 12th annual, Philadelphia, Pa. 
(AAGP, Volker Blvd. at Brookside, Kan- 
sas City 12, Mo.) 

21-24. Institute of Radio Engineers, 
natl. conv., New York, N.Y. (L. G. Cum- 
ming, IRE, 1 E. 79 St., New York 21.) 

23-25. National Council on Alcoholism, 
annual, New York, N.Y. (M. Ross, Amer- 
ican Psychiatric Assoc., 1700 18 St., NW, 
Washington 9.) 

23-25. Optical Spectrometric Measure- 
ments of High Temperatures, symp., Chi- 
cago, Ill. (F. Brech, Laboratories for Ap- 
plied Science, Univ. of Chicago, 6220 S. 
Drexel Ave., Chicago 37.) 

24-25. Human Factors in Electronics, 
1st annual symp. (IRE), New York, N.Y. 
(J. E. Karlin, Bell Telephone Laboratories, 
Murray Hill, N.J.) 

24-26. American Assoc. for the History 
of Medicine, Charleston, S.C. (J. B. Blake, 
c/o Smithsonian Institution, Washington 
25.) 

24-26. Aviation Education, 4th natl. 
conf., Denver, Colo. (W. Kinkley, Super- 
intendent of Schools, Aurora, Colo.) 

26-27. American Psychosomatic. Soc., 
17th annual, Montreal, Canada. (E. D. 
Wittkower, APS, 265 Nassau Rd., Roose- 
velt, N.Y.) 

28-31. Exploitation of Natural Animal 
Populations, symp., Durham, England. 
(E. D. Le Cren, British Ecological Soc., 
The Ferry House, Ambleside, Westmor- 
land, England.) 

29-31. American Power Conf., 22nd 
annual, Chicago, Ill. (R. A. Budenholzer, 
Mechanical Engineering Dept., Illinois 
Inst. of Technology, 3300 Federal St., 
Chicago 16.) 

29-2. National Science Teachers Assoc., 
8th annual conv., Kansas City, Mo. (Miss 
M. R. Broom, NSTA, National Education 
Assoc., 1201 16 St., NW, Washington 4.) 

30-31. Adrenergic Mechanisms, Ciba 
Foundation symp. (by invitation only), 
London, England. (G. E. W. Wolsten- 
holme, Ciba Foundation, 41 Portland P1., 
London, W.1, England.) 

31-1. Continuous Culture of Micro- 
organisms, symp., London, England. (R. 
Elsworth, c/o Ministry of Supply, Micro- 
biological Research Establishment, Por- 
ton, Salisbury, Wilts., England.) 

31-2. American  Gastroenterological 
Assoc., New Orleans, La. (W. Volwiler, 
Dept. of Medicine, Univ. of Washington, 
Seattle.) 


(See issue of 15 January for comprehensive list) 
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for densitometry in paper electrophoresis 


Recording function electrically 
adjustable from linear to 
logarithmic and trans - 
logarithmic 


BLOOD 
and 
OTHER 
ELECTRODES 


The pH value of blood varies only within a 
narrow range. Thus, the measurement of blood pH 
is unusually demanding and must be performed 
with high accuracy. For this work the Metrohm 
blood measuring chains offer some distinct 
dvantages, including: liquid j construction 
which permits the electrode to be connected to 
a circulating thermostat so that the measurement 
can be made almost instantaneously — separate 
indicating and reference electrodes to eliminate 
the possibility of disturbing potentials at the 
diaphragm — anaerobic measurements in minute 
quantities—plus, a handy and sturdy construction. 


koted 





Sensitivity 
adjustable from 
10 to 200 millivolts 


Designed specifically to be used with scanning densitometers for correctly- 


A complete line of regular and unbreakable 
glass electrodes as well as reference and 
metal electrodes is also available. 



















compensated quantitative evaluation of electrophoretic patterns on filter paper 
SEND FOR COMPLETE DESCRIPTIVE CATALOG P25 Write for Bulletin #1100 F TOU 
TT 

= = Also: Densitometers pH Meters 


Colorimeters Fivorescence 
Meters _—_ Electronic Photometers hotometers 















GOVERNMENT and 
NON-GOVERNMENT 


7100 
Auto Insurance 


Here Is How GEICO Can Offer You Such Big Savings 


GEICO’S “direct-to-the- policyholder” sales system success- 
fully eliminates the major expenses of the customary method 
of selling insurance. GEICO insures only drivers in “preferred 
risk” occupational groups—that is, careful drivers who are 
entitled to pean rates. 


‘ 


BY 


SCIENTISTS and ENGINEER 


SAVE «= *30 


THAT You 
SPEND ON 


OF 
EVERY 














EWS FROM GEICO 


technical or profes- 
uaranteed savings 
d for 22 years. 


IMPORTANT N 


t in a 
: ” nment employmen 
are in Non-Gover ntitled to the same 8 


re now e . 
that ment employees have enjoye 


If you : 
sional capacity, ¥ 
on auto insurance that govern 







MAIL COUPON TODAY FOR YOUR EXACT RATE 


NO OBLIGATION * NO AGENT WILL CALL ‘gag hey tet iace- 








Must Be Over 
Age 21 and 
Standard Family Policy. You get the Guaranteed Savings. You save a full Under 65 
Standard Family Auto Policy, the 30% on Collision coverage—as much Name 1ll 
same policy used by nearly alllead- as 30% on Comprehensive coverage 
ing insurance companies. and 25% on Liability coverage. Residence Address 
Average country-wide savings for all 
Pemenet 24-Heer Claim Service. bee auto insurance coverages is 25%.* City. POND raced County. State. 
claim representatives stan GEICO rates are on file with state A ; ‘ 
ready to help you day and night—24 insurance regulatory authorities and = C7 Single Cy Married C) Male C) Female 


hours a day. Settlements are prompt 
and fair without red tape. 


819 Claim Representatives, Coast-to- 
Coast, to serve you wherever you 


arte in the U.'S., its possessions, — wae Gales eoide = Yr. |Make | Model (Dix., etc.) | Cyl. | Body Style | Purchase Date [] New 

er year. | Mo. Yr. | ()Used 

Satisfies All Laws. Your GEICO ‘Jn Texas where rates prescribed by : : : : 
licy can comply with all Financial the State Board of Insurance must 1. (a) Days per week car driven to work?....... One way distance is miles. 

Responsibility Laws and the com- be charged, dividends up to 30% are (b) Is car used in any —_— or business? (Excluding to and from work) 
ulsory insurance requirements in being paid on currently expiring i WW Yes O No . . 

New York and North Carolina. policies. 2. Additional male drivers under age 25 in household at present time: 


«ke 
ate *y 





romes wer 
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are guaranteed by GEICO to repre- 
sent above savings from Bureau 
Rates. 


Pay In Installments if you wish. 


‘+ Government Empcovees 
INSURANCE COMPANY 


8 
RLU: Capital Stock Company not affiliated with U.S. Government 
WASHINGTON 5, D.C. 
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Location of Car (if different from residence address). 
Is car principally kept and used on a farm or ranch? 
































Age Relation Married or Single % of Use 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation, All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 


™ VACUUM SYSTEM is a mobile unit that 
will produce vacuum in the range 250 to 
0.5 mm-Hg and hold within +0.2 mm- 
Hg in an airtight system. The system 
uses a mechanical pump with free-air 
capacity of 58 lit./min. The pump runs 
continuously, evacuating a ballast tank 
connected to the rest of the system 
through a solenoid valve. The latter is 
controlled by a mercury regulator work- 
ing through a relay. (Fisher Scientific 
Co., Dept. Sci292, 717 Forbes St., Pitts- 
burgh 19, Pa.) 


® LIGHT SOURCE for high-speed photog- 
raphy is a spark-type point source. The 
source may be triggered with a 500-volt 
pulse of 2 ysec duration. Four models 
are available with energies at 20 kv of 
2 to 20 joules and spark duration from 
0.3 to 1 psec. Source size ranges from 
0.015 to 0.060 in. in diameter. The 
outer cylindrical case serves as a shield 
for radio frequencies. (Avco Corp., 
Dept. Sci334, 201 Lowell St., Wilming- 
ton, Mass.) 





™ CATHODE-RAY-TUBE TRANSFER LENS 
provides a full-size image at object-to- 
image distance of 17.6 in. A 4%-in. 
diagonal format can be covered. Rela- 
tive aperture ranges from f/2 to f/22. 
The lens is color-corrected over the 
range 4200 to 5200 A. A reflecting unit 
and a motorized adjustment of the lens 
iris are optional auxiliaries. Full-range 
operation of the iris by the latter re- 
quires less than 10 sec. (Perkin-Elmer 
Corp., Dept. Sci295, Norwalk, Conn.) 


™ CHROMATOGRAM SCANNER for tritium, 
carbon-14, and sulfur-35 counts simul- 
taneously both sides of one or more 
continuous strips up to 50 ft long. The 
entire strip is enclosed within the gas- 
filled scanner housing. Two facing gas- 
flow detectors accept collimated radia- 
tion from both sides of the strip and 
transmit total activity to a recorder. 
Ten scanning speeds are selectable. 
(Atomic Accessories Inc., Dept. Sci341, 
244-02 Jamaica Ave., Bellerose 26, 
N.Y.) 


™ GAUSSMETER is a direct-reading in- 
strument for measurement of direction 
and magnitude of magnetic flux. Oper- 
ation depends on the Hall effect: a thin 
wafer of high-purity indium arsenide 
with a temperature coefficient of 0.1 
percent is used. The wafer element is 


0.019 in. thick and 0.125 in. wide. The 
active area is a circle 0.0625 in. in di- 
ameter. Three ranges cover 0 to 300, 
0 to 3000, and 0 to 30,000 gauss. The 
instrument will read d-c flux in the 
presence of a strong a-c field. Power 
supply is a built-in 4.5-volt battery. 
(F. W. Bell, Inc., Dept. Sci342, 1356 
Norton Ave., Columbus 6, Ohio) 


™ MONOCHROMATOR uses a 15,000-lines- 
in-plane grating as the dispersing ele- 
ment. Reciprocal dispersion is 70 
A/mm. Slit widths are variable from 
0 to 1 mm. Wavelength range is 200 to 
1000 mz. The instrument is reversible 
and can be mounted with slits vertical 
or horizontal. (Hilger and Watts, Dept. 
Sci323, 98 St. Pancras Way, Camden 
Rd., London N.W. 1, England) 


™ METALLOGRAPH for microscopic study 
and photography of radioactive materi- 
als is remotely controlled. The instru- 
ment is built around the manufacturer’s 
research metallograph and includes a 
control panel built into a shielding shell 
and mounting base that accepts what- 
ever shielding material is desired. 
(Bausch and Lomb Optical Co., Dept. 
Sci336, Rochester 2, N.Y.) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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LOW COST 
Gas Chromatography 


VAPOR PHASE 


Newest instrument 
completely versatile, 
proved for industrial 
control and research. 

Obtains chemical 
separations in 

minutes. Provides 
reproducible qualitative 
and quantitative analyses 


quickly and at low cost. Write for Bulletin 275. 


No.70130: complete with gas sampling valve but 
without recorder............ 


pened 


Ws eN ®t Weare $995.00 


CENTRAL SCIENTIFIC CO. 
1718-M Irving Park Road «+ Chicago 13, Ill. 
5 hes and Wareh == Mountainside, N. J. 
Boston © Birmingham © Santa Clara e Los Angeles © Tulsa 
Houston © Toronto © Montreal © Vancouver © Ottawa 
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PRECISION 





GYROTORY’ SHAKER | 





Large Capacity, Powerful Rotary Shaker 
Precision Built for Continuous Duty 


@ Variable speeds of 150-350 rpm, with 2” stroke. 

@ Heavy duty, 5 eccentric shaft stabilizing system. 

© Positive, uniform shaking to ALL flasks. 

© Continuous, quiet, cool and dependable operation. 
®@ Holds a variety of flasks on 6 removable trays. 

® Model TR available with reciprocating motion. 


Write for Catalog G52-129S 
NEW BRUNSWICK SCIENTIFIC CO., INC. 


LABORATORY 


®.0. BOX 606, NEW BRUNSWICK, NEW JERSEY 





MODEL 
G52 


APPARATUS 





















PISTON 
BURETTES 


The Metrohm Piston Burette is offered in 
two models, hand-operated and motor 
driven. The principle is that of a piston 
replacing a liquid in a cylinder. The piston 
is moved by a spindle, which is turned by 
hand or by a motor. Filling and discharg- 
ing is controlled by a three-way stopcock. 
Both the glass cylinder and the teflon piston 
may be instantly removed for cleaning. 


















Because of the close tolerances of the 
bore, the nominal accuracy of the Piston 
Burette is at least equal to a precision 

burette of standard design. Actuai 
accuracy is superior because of the 
elimination of reading errors in viewing 
the meniscus and because no 
titrant can adhere to the walls 
— of the burette. 


SEND FOR COMPLETE DESCRIPTIVE CATALOG H22 
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PERSONNEL PLACEMENT 











CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $33 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week) 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 
be sent on a charge account basis— 
— that satisfactory credit is estab- 
ished. 

Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


$33.00 per inch 
30.00 per inch 
28.00 per inch 
27.00 per inch 

















iil] POSITIONS WANTED ill 


Electron Microscopist, cytologist Ph.D. Desires 
staff teaching and research position university 
medical, zoology, or biology department. Grant 
support. Publications. Box 18, SCIENCE. 1/29 





| years of 





I’ POSt TONS “WANTED ill 


Biologist, 


Ph.D., 11 years’ teaching experience. 
Numerous 


publications. Box 14, SCIENCE. 

1/29; 2/5, 12 
Nine 
and graduate; 





Teacher, Ph.D. (biochemistry), 44, male. 


teaching undergraduate 


| 8 years of pharmaceutical research. Desires posi- 


tion in college emphasizing quality 
AAAS, ACS, Sigma Xi, meee 
June 1960. Box 21, SCIENCE 


| POSrTIONS OPEN |i 


Biologist, Ph.D., to teach either cytogenetics, 
botanical sciences, Of mammalian physiology in 
a Catholic a Rank and salary | open. 
Box 22, SCIENCE. 2/5, 12 


teaching. 
Available 
xX 














Electron Microscopist, Ph.D. or equivalent. Re- 
search institute, New York. Well-equipped and 
adequately staffed air-conditioned laboratory. 
Must have training and experience in all phases 
of preparation tissues and in handling machine. 
Box 20, SCIENCE. 2/5, 


Plant Pathologists, Entomologists, Chemists— 
Ph.D. or equivalent, to supervise research proj- 
ects in herbicides, fungicides, growth regulators, 
nematocides, and insecticides. Preferably with 
training or experience in entomology, plant pa- 
thology, organic chemistry, and plant physiology. 
Non-supervisory positions also available. 

Inorganic or Physical Chemist. Ph.D., 0- 5 years’ 
experience for exploratory research in fertilizer 


technology. 
Send résumé to Dr. David M. Clark, W. R. 
Washington Research 7 





Grace & Co., 
Clarksville, Maryland. 





(a) Pharmacology M.S. major, chemistry minor; 
1 year of immunology research, 3 years of 
pharmacology research on compounds for anal- 
getic activity; desires commercial research posi- 
tion. (b) Bacteriology Ph.D. with research, medi- 
cal and public health experience; prefers medi- 
cal bacteriology, academic, or research appoint- 





Research and Teaching Assistantships available 
for graduate students, Programs in metabolism, 
mechanisms of biological reactions, muscle phys- 
iology, and enzyme chemistry. Stipends $3000 
per year. Applications invited for 





(iit POstToNs OPEN iil 
—ENDOCRINOLOGIST-— 


Ph.D.-level scientists with background in bio- 
chemistry and physiology. Prefer candidate with 
some industrial experience involving endocrine 
screening program. 


—ORGANIC CHEMIST- 
(Antibiotic Research) 


Ph.D. organic chemistry including training in 
physical and biochemistry plus experience with 
analytical procedures and antibiotic isolation and 
purification techniques. 








Please send curriculum vitae 
to Personnel Director 


SCHERING CORP. 


60 Orange St. — Bloomfield, N.J. 











Medical Technician, male or female, B.S. pre- 
ferred, research laboratory. Paraffin sectioning, 
H and E plus special staining. Some experience 
required. Dr. J. Christensen, St. Barnabas Medi- 
cal Center, High St., Newark, N.J. 2/5, 1 





PATHOLOGIST under 35, Ph.D., M.D., or 
D.V.M. to assist department head. Experience 
in comparative, diagnostic and experimental 
pathology required. Excellent working conditions 
and opportunity for research. Address inquiries 
to: 


EMPLOYMENT DIVISION 
ABBOTT LABORATORIES 
NORTH CHICAGO, ILLINOIS 





R h Biochemist, male or female, B.S. or 





consideration or for next academic year. Pecorans 
interviews arranged for 





M.S. Major chemistry, minor biological sciences. 
Varied routine animal experiments and 


promisin candidates. enzyme 
ment. $1-5 Medical Bureau, Inc., Science Divi- Write Chairman, Department of Pharmacology, studies. Send résumé Dr. H. Gordon. St. Barna- 
sion, Burneice Larson, President, 900 North St. Louis University School of Medicine, St. bas Medical Center, High St., Newark, NJ. 
Michigan Avenue, Chicago. ms Louis 4, Missouri. 2/5 2/5, 12 
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HMI] POSITIONS OPEN |iiiiliiiiiill 


PLANT PATHOLOGIST 


M.S. or Ph.D. for Research-Service Department 
of national seed processing firm to headquarter in 
Midwest. Responsibilities include pathological re- 
search in conjunction with breeding programs 
with emphasis on corn, sorghum and_ forage 
crops. Salary open. Include summary of major 
academic accomplishments in initial application. 








Box 23, SCIENCE 
(a) Pharmacologist, Ph.D., sufficient medical 
study for orientation; prefer teaching, research 


experience; prominent midwestern pharmaceutical 
concern; ‘$10, 000; university center. (b) Bio- 
chemist; Ph.D. to head blood chemistry labora- 
tory, 400-bed university hospital; excellent south- 
ern location. (c) Virologist- ‘issue Culturist; Ph.D. 
trained or experienced in isolation of viruses, 
cultivation cell cultures for research on problems 
related tumor viruses; new building, newly or- 
ganized eastern research group in affiliation 
prominent medical center. (d) Biochemist; M.S. 
preferred to head section in well-departmentalized 
laboratory also serving other area hospitals as 
well as 400-bed general hospital; specialized 
medical ,Staff; midwestern university center. (e) 
interested molecular biology, 
culture techniques and/or 
in nucleic acid metabolism, 
structure, function; university-affiliated research 
institute; Southwest. Woodward Medical Bureau, 
Ann Woodward, Director, 185 North Wabash, 
Chicago. s4 


PHARMACOLOGIST 


Person capable of assuming complete 
charge of pharmacological testing and 
investigations. Salary Open. 


SCHIEFFELIN & cO., N.Y.City 


Phone SPring 7-1500 





experienced 
virology; 


tissue 
studies 
































PSYCHOPHARMACOLOGIST 


Research position for a Ph.D. in experimental psy- 
chology, familiar with operant and respondent con- 
ditioning of animals. 


Research training or experience in the fields of 


pharmacology and physiology would be highly de- 
sirable. 


The position would involve supervision of an exist- 
ing well-equipped laboratory and _ collaboration 
with a neurophysiologist and an inter-disciplinary 
research program on behavior and the elucidation 
of drug action. Research of personal interest 
would be encouraged. 


Please send complete curriculum vitae. 


Employment Office 
LEDERLE LABORATORIES 
AMERICAN CYANAMID CO. 
Pearl River, New York 





Research Scientists, Ph.D. or M.S. in physiology, 
microbiology, botany, entomolo: y, or allied fields 
for tumor virus research at medical college, East. 
(b) Cardiovascular Pharmacologist Group Leader 
or research, evaluation of studies, supervising 
duties for large pharmaceutical firm, idwest. 
(c) Physiology Faculty Appointment to teach 
technology and nursing students and conduct re- 
search in broad areas; university in Midwest. 
(d) Virologist trained in tissue culture for tumor 
virus research; new —* in large medical 
center, East. (e) Biochemist for a research 
on metabolic processes and body fluids using 
newest techniques; pharmaceutical firm, East. 
(f) Microbiologist for enzyme and fermentation 
research for established chemical manufacturer, 
around $10,000; Midwest. (g) Clinical Biochemist 
for new hospital, $9000-$10,000 year; California. 
(h) Senior Pharmacologist, Ph.D. or M.D. a 
head of drug and evaluation program, $15,000 

year; drug manufacturer, Midwest. SI-5 Medical 
Bureau, Inc., Science Division, Burneice Larson, 
President, 900 North Michigan Avenue, ——- 





Position in Mathematics-Physics for second se- 
mester 1 February-30 June 1960. Salary 
Opportunity for retired professor or recent Ph.D. 








POSITIONS OPEN _ |i 


ti 
TURF SPECIALIST 


M.S. or possibly Ph.D. for Research-Service De- 
partment of national seed processing firm to head- 
quarter in Midwest. Primary emphasis on the 
evaluation and/or development of turf products, 
including herbicides. Turf-grass evaluation. Good 
grounding in chemistry essential. Training in turf 
management desirable but not necessary if back- 
ground in agronomy, soil science and/or plant 
physiology. B.S. would be considered if experi- 
enced. Salary open. Include summary of major 
academic accomplishments in initial application. 


Box 24, SCIENCE 


IA FE1--OWsEEPS: |i 


University of Bristol. Applications are invited 
from qualified candidates of any nationality for 











LC.I. Research Fellowships in chemistry, bio- 
logical chemistry, engineering, pharmacology, 
physics, or related subjects, to which some ap- 


pointments may be made to date from 1 October 
1960, for a period of up to 3 years. The salary 
will be within the range £700-£1000 per annum. 
Applications (3 copies) stating age, qualifications 
and experience, publications, research work in 
progress, and an outline of the proposed field 
of research, with the names of two _ referees, 
should be received before 1 March 1960, by the 
Registrar. (Candidates overseas may send a 
copy only by airmail.) 


IN| SCHOLARSHIPS jill 


McMaster University, 








Graduate Scholarships in 


Biology. Applications are invited for graduate 
research scholarships from alified students 
wishing to work toward the Sc. and D. 


degrees. The stipend for a 12-month period is 
from $1900 to 32800, including laboratory as- 
sistantship. Research in progress: Systematics, 
ecology, and nutritional physiology of aquatic 
and bloodsucking Diptera, emphasizing Simuliids; 
population dynamics of grasshoppers 5 
Davies). Sensory physiology an behavior in 
fish; limnological significance of trace elements 
in lake bottom sediments (H. Kleerekoper). 
Viruses and virus vectors emphasizing wild 
lant and crop plant problems; cytology of 
ealthy and diseased tissues employing viruses 
and radiactive tracers (W. D. MacClement), Com- 
parative physiology of sporulation and growth 
in Ascomycetes; effect of radiation on cell di- 
vision in yeast (J. J. Miller). Autoradiography, 
activation autoradiography; histochemistry and 
blood chemistry in experimental diabetes; 

arative endocrinology and tissue repair. (P. F. 

ace). Experimental embryogeny and develop- 
mental morphology emphasizing fructifications: 
alaeobotany-organic terrain (aerial and ground 
interpretation of muskeg); macro- and micro- 
fossil analysis for all horizons, including palae- 
oecological and palynological approaches (N. W. 
Radforth) 

Prospective applicants should write for_ fur- 
ther information to Prof. H. Kleerekoper, Chair- 
man, Department of Biology, Hamilton College, 
McMaster University, Hamilton, Ontario, Canada. 
Application forms both for scholarships and 
graduate study are obtainable from the Dean 
of Graduate Studies and must be returned to 
him normally by 1 March 1960, accompanied by 
university transcript and letters of recommenda- 





tion from two professors. v5, ‘te 
BOOKS + SERVICES + SUPPLIES - EQUIPMENT 





DISPLAY: Monthly invoices will be sent on 
a charge account basis—provided that 
satisfactory credit is established. 


$33.00 per inch 
30.00 per inch 
28.00 per inch 
27.00 per inch 
26.00 per inch 
25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 














till BOOKS AND MAGAZINES Jill 
SCIENTIFIC JOURNALS WANTED 








candidate. Complete credentials and personal Sets, Runs and Volumes bought at top prices. 
history must be sent to Chairman, Department Your wants supplied from 
of Science and Mathematics, State niversity our Back Files of over 3,000, periodicals. 
College of Education, Plattsburgh, N.Y. 1/29 Abrahams Magazine Service, N. ‘ 
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{Mill BOOKS AND MAGAZINES jij 











Your sets and files of 
scientific journals 


are needed by our library and institutional cus. 
tomers. Please send us lists and description of 
periodical files you are Byg et to me ke high mar- 
ket prices. Write ’S, Inc. 
Boston so "\ineeeteenelll 








iil] PROFESSIONAL SERVICES INI 


HISTOLOGY 
for 
Industry and Research 
GEORGE L. ROZSA, M.D. 


143 Linwood Ave. Buffalo 9, New York 
GRant 7165 

















PATHWAY RESEARCH LABORATORIES, Inc. 


Fluorescent Antibody Reagents 
and Antisera 


Contract Research and Consult- 
ing in Microbiology and Bio- 


chemistry 


Write for our free brochure 


11102 South Artesian Avenue 
Chicago 43, Illinois 














Will SUPPLIES AND EQUIPMENT jij 





Miniature, All-Purpose CALCULATOR 


A precision instrument that 
will do all the calculations of 
er expensive desk models. 
eighs only 8 oz. eae 


Teal f for all one 
Fully guar- 
ree literature, 


Fost accurate, s 
pletely portable. 
the-spot calculating. 
anteed. Write for 
rices, narne of nearest dealer. 
E CURTA COMPANY Dept. 501 


14435 Cohasset St. Von Nuys, Celif, 











Laboratory Animals 
Guinea Pigs 
Rabbits 
Information sent on request 
H. S$. HURLBURT 
Animal Research Center, Bainbridge, N.Y. 
WoOrth 7-5415 


Mice 


Rats Hamsters 























YOU NEED THIS FREE 


CATALOG FOR YOUR FILES 
Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 
COLORADO SERUM CO. 
A950 York St.* MAin 3-5373 ¢ Denver 16, Colo. 


SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 
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U a: R 010 M E sections for better electron microscopy 


BHRBS S55 8nReSs i =the 5a 
The NEW LKB 4800 Ultrotome ALONE will 


feed your electron microscope with unbroken series 


of large-sized uniform sections 


e Both push-button controlled and gentle automatic cutting. 


e@ Five constant cutting speeds from 2 to 50 mm/sec (can be 


reselected any time during cutting). 


Controlled by separate transistor unit, so that even un- 


trained operators can handle it. 


e Three independent feed systems down to 50 A per cut 
(linearized thermal, micro-mechanical, macro-mechanical). 
e A single high-power stereo-microscope for inspecting knife 


edge, preparing specimen, and observing cutting. 


In the U.S. and Canada: 


LKB INSTRUMENTS, INC, 


IN WASHINGTON’S SCIENCE INDUSTRY CENTER 


5451 RANDOLPH ROAD, ROCKVILLE, MARYLAND 


Write for bulletin Other countries: 
“Modern LKB-PRODUKTER FAB 
P.O.B. 12220, Stockholm 12, Sweden 


Ultra-Microtomy” 








ti LKB instruments are sold and serviced by authorized LKB distributors in more than 40 countries throughout the world. 
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The Standard Books in Ther Field 


| ; “This book is a notable achievement ... by far the most authoritative, scholarly, and complete treatment of 
the aquatic fungi that has ever appeared. . . —THE QUARTERLY REVIEW OF BIOLOGY. 





Second Revised and Enlarged Edition 





AQUATIC PHYCOMYCETES 
By Frederick K. Sparrow, Jr. 
Aquatic. Phycomycetes has been the standard work in its field since 1943. Now Dr. Sparrow expands and up- 
dates his account of all the microscopic phycomycetous fungi down to the level of species. 
New to this edition are taxonomic descriptions of genera Saprolegniaceae as well as citations of new taxa in 
that family. A key to the aquatic species of genus Pythium has been added. Also new is an account of Ancylistes 
nt of the Entomophthorales. 
— All totaled, 8 orders, 24 families, 152 genera, and 781 species are described. 
j 1214 pages 91 plates $22.50 


“The first exhaustive treatment of the lichens to originate in the U.S.A., this opus . . . will fill a iong felt want 
in the botanical reference shelves of our college and scientific libraries..-—THE BIOLOGIST. 


Reissued by Request 


“2 THE LICHEN FLORA OF THE UNITED STATES 





war | By Bruce Fink 
In response to numerous inquiries from botanists who find this work still indispensable, The Lichen Flora of the 
a | United States is once again available. First published in 1935, it now contains a new Preface by Alexander H. 
: Smith. 


The book presents a general discussion of the morphology and reproduction of the group. There are descrip- 
tions of 1,578 species, varieties, and forms, belonging to 178 genera and 46 families. 
438 pages 47 plates $12.50 


i THE UNIVERSITY OF MICHIGAN PRESS/Ann Arbor 
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Here’s how you can 


MEASURE OPTICAL PATH DIFFERENCE 
with the AO-Baker Interference Microscope 





1, First, as shown in the photomicrograph* above, the 2. Next, the analyzer was rotated until the nucleus of 
microscope analyzer was rotated until the background the cell was vie = to extinction. Averaged settings 

was brought to extinction. Readings were taken directly resulted in reading of 138.2°. 

from the analyzer scale. Averaged settings resulted in 

reading of 70.4°, 


3. The Optical Path Difference, in degrees, is twice the difference between the two readings: 
135.6° an 

OPD =2 (138.2°-70.4°) si 135.6°, or OPD = ( 360° ) 546 = .206 Microns. 
Optical path difference measurements can be made to an optimum accu- 
racy of 1/300 wavelength. This unique ability to measure optical path 
thicknesses is in itself of great importance. But even more important, 
these measurements can be converted into a variety of quantitative infor- 
mation of great potential value. Water and protein content of a cell, for 
example, may be measured. Materials such as glass, plastics, emulsions, 
textiles can be examined. 


While the AO-Baker Interference Microscope is primarily a quantitative 
instrument, it also offers unique advantages for qualitative observations 
through variable intensity contrast and dramatically effective variable 


color contrast. 
*Photomicrographs taken by Mr. Lynn C. Wall, Medical Division, Eastman Kodak Co. Data: Epithelial Cell. 
AO-Baker Interference Microscope, 40X Shearing objective, 10X eyepieces. Corning filter CS4-120 with AO 
Model 630 Pulsarc Illuminator to transmit monochromatic light at .546 microns. 


WRITE FOR COMPLETE INFORMATION 


Dept. A-5 
America n ( It Tel Please Send me your NEW COLOR BROCHURE SB7 on the 
1 AQ-BAKER INTERFERENCE MICROSCOPE. 
© Company NAME 
aa x ADDRESS. 
CITY 








INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 














